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Foreword to This Series

A-Z Notes in Radiological Practice and Reporting is a new
series of practical guides dedicated to residents and general
radiologists. The series was born thanks to the original idea to
bring to the public attention a series of notes collected by doc-
tors and fellows during their clinical activity and attendance at
international academic institutions. Those brief notes were criti-
cally reviewed, sometimes integrated, cleaned up, and organized
in the form of an A-Z glossary to be usable by a third reader.

The ease and speed of consultation and the agility in reading
were behind the construction of this series and were the reasons
why the booklets are organized alphabetically, primarily accord-
ing to disease or condition. The number of illustrations has been
deliberately reduced and focused only on those ones relevant to
the specific entry.

Residents and general radiologists will find in these booklets
numerous quick answers to frequent questions occurring during
radiological practice, which will be useful in daily activity for
planning exams and radiological reporting.

Each single entry typically includes a short description of
pathological and clinical characteristics, guidance on selection
of the most appropriate imaging technique, a schematic review
of potential diagnostic clues, and useful tips and tricks.



vi Foreword to This Series

The series will include the most relevant topics in radiology
starting with cardiac imaging and continuing with the gastroin-
testinal tract, liver, pancreas and bile ducts, and genitourinary
apparatus during the first 2 years. More arguments will be cov-
ered in the next issues.

The Editors put a lot of their efforts in selecting the most
appropriate colleagues willing to exchange with readers their
own experiences in their respective fields. The result is a com-
bination of experienced professors, enthusiastic researchers, and
young talented radiologists working together within a single
framework project with the primary aim of making their knowl-
edge available for residents and general practitioners.

We really do hope that this series can meet the satisfaction of
the readers and can help them in their daily radiological
practice.

Latina, Italy Andrea Laghi
Carlo Nicola De Cecco
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Abscess, Renal and Percutaneous
Drainage of Kidney

* Renal abscess is defined as a parenchymal fluid-filled mass of
infectious origin containing suppurative material and delin-
eated by a pseudocapsule. It is usually a sequela of acute
renal infection, in particular pyelonephritis or bacterial
nephritis, and although the inflammatory process is revers-
ible, it can occasionally result in liquefactive necrosis and
abscess formation.

e CT: CT is the most accurate modality for the detection of
renal abscess; it usually appears as a spherical mass with a
thick wall; gas may be visible within the collection. After
contrast administration, abscess wall enhances, whereas there
is no central enhancement (“ring” sign or pseudocapsule)
within the parenchyma surrounded by an area of hypoattenu-
ating cortex at the nephrographic phase. Fascial and septal
thickening are usually present. MRI: rim enhancement of
masses >1 cm. The puncture and drainage of most abscesses
can be performed with CT guidance. When the upper pole is
involved, CT is indicated to avoid trauma to the spleen or
pancreas.

V. Panebianco, J.J. Fiitterer, MDCT and MRI in Genitourinary Imaging, 1
A-Z Notes in Radiological Practice and Reporting,
DOI 10.1007/978-88-470-5705-0_1, © Springer-Verlag Italia 2015
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e A perinephric abscess may develop directly from acute
pyelonephritis, but it can also result from rupture of a renal
abscess into the perirenal space or from extension of inflam-
matory disease outside Gerota’s fascia; it can even involve
iliopsoas muscles and extend to the pelvis.

Abscess, Prostatic

* Prostate abscess is a closed pocket containing pus within the
prostate. Predisposing factors for periprostatic or prostatic
abscesses are diabetes mellitus, urethral catheterization or
manipulation, and an immunocompromised status. Most
abscesses are infected; any portion of the prostate can be
involved and it can communicate with the urethra.

¢ CT: CT can detect a prostatic abscess (single or multilocular
area of low attenuation). Once diagnosed, it can be drained
using endorectal US guidance, and a perineal or transurethral
drainage approach can be used.

¢ MRI: MR imaging is usually not performed for this condi-
tion, an abscess should be suspected when a cystic lesion
with thickened walls, septa, or heterogeneous contents is seen
in a patient with typical clinical finding TIW can show
enlargement with or without a decrease in signal intensity. On
T2W images, the abscess shows higher signal intensity than
the adjacent peripheral zone. The postcontrast acquisition can
show a typical peripheral strong enhancement.

Abscess, Tubo-ovarian

¢ Itis the term for a variety of infections that involve the fallo-
pian tubes, the ovaries, and the surrounding tissues and often
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originates from pelvic inflammatory disease; other causes,
less frequent, can be Crohn’s disease, diverticulitis, perfo-
rated appendicitis, and pelvic surgery.

e Symptoms vary in large scale and may be atypical: lower
abdominal pain, fever, elevated blood C-reactive protein
level, and adnexal tenderness.

¢ CT: The abscess manifests as bilateral thick-walled, fluid-
filled adnexal masses. The abscess wall and adjacent soft tis-
sue inflammation enhance intensely. Internal gas bubbles,
which are unusual, are the most specific sign of an abscess.

e MRI: Tubal enlargement can be easily seen on MRI images
and is characterized by the tortuous folding of fluid-filled
structures on T2-weighted images. Associated findings
include thickening of the uterosacral ligaments, infiltration of
the presacral fat secondary to edema, hydronephrosis, and
indistinct margins of adjacent bowel loops.

» Treatment classically consists of antibiotics or surgery (such
as laparoscopy or laparotomy with drainage of the abscess,
unilateral or bilateral adnexectomy, or hysterectomy).

Adenomyomatosis of the Uterus

e It is a benign disease of the uterus, relatively common in
women of reproductive age. It is characterized by the pres-
ence of ectopic endometrial tissue (glands and stroma) within
the myometrium.

* Most patients present with menorrhagia and dysmenorrhea.
Three different forms may be identified: diffuse adenomyosis
(most common form), focal adenomyosis/adenomyoma, and
cystic adenomyosis.

e MRI: MRI is the modality of choice for the diagnosis, with a
very high sensitivity and specificity. On T2W sequences, it is
indicated by an irregular thickening of the junctional zone of
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the myometrium, often containing some small high T2 signal
regions, which correspond to islands of endometrial glands
with cystic change or hemorrhage. After administration of
contrast, it may show enhancement of the ectopic glands.

e CT: CT is not routinely used as it is unable to diagnose
adenomyomatosis.

Adnexal Torsion

e It is an uncommon gynecological emergency, potentially
lethal, that may occur in women of any age, but it is more
common during reproductive age. It is the result of axial rota-
tion of the ovary and/or the fallopian tube about its vascular
pedicle; it is generally unilateral, with a slight right-sided pre-
dilection. This condition may be partial or total, and it can be
intermittent or maintained. It causes severe lower abdominal
and pelvic pain due to arterial and venous stasis; if untreated,
the torsed ovary becomes hemorrhagic and often necrotic.

¢ CT and MRI: CT and MRI may be useful when a sonogram is
indeterminate. CT and MRI show an enlarged, usually edema-
tous, or in some cases hemorrhagic ovary, with peripheral fol-
licles; lack of enhancement may be seen. The involved ovary
can assume a midline position; other common findings include
a small amount of free fluid and engorgement of blood vessels.
MRI is not the imaging modality of choice as urgent imaging is
required; it demonstrates hyperintensity on both TIW and T2W
sequences due to its edematous and hemorrhagic composition.

Agenesis, Renal

* Congenital absence of one (unilateral) or both (bilateral) kid-
neys. If bilateral (Potter syndrome), the condition is fatal,
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whereas if unilateral, patients can have a normal life
expectancy and it could be asymptomatic.

e CT and MRI: CT and MRI show the absence of a kidney,
with associated hypertrophy of the remaining kidney to com-
pensate. An empty renal fossa does not always mean renal
agenesis: it is really important to ensure that the kidney is
actually missing (i.e., check for a pelvic ectopic kidney or
cross-fused renal ectopia).

Amyloidosis of the Kidneys

* Amyloidosis is a constellation of diseases resulting in the
deposition of abnormal protein (amyloid) in various tissues. It
can be primary, if associated with monoclonal plasma cell dys-
crasias, or secondary, if associated with chronic inflammatory
processes (tuberculosis, rheumatoid, arthritis, Crohn’s disease,
etc.). Lymphoproliferative disorder should be excluded.

e CT and MRI: Imaging findings are not specific. CT and MRI
may show enlarged kidneys in acute stages, while in chronic
stages, kidneys may appear smaller than normal.

Amyloidosis of the Bladder

e Primary bladder amyloidosis is rare; more often, it is second-
ary bladder amyloidosis, both presenting with hematuria. The
diagnosis is made by histologic examination. Once detected,
systemic amyloidosis or a malignant lymphoproliferative dis-
order should be excluded.

e CT and MRI: It results in a thickened, irregular bladder wall,
and the imaging appearance mimics that of an infiltrating
neoplasm. Magnetic resonance imaging reveals amyloid
infiltration as a hypointense region on T2-weighted images.
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Androgenital Syndrome (AGS)

* Also called congenital adrenal hyperplasia, it is an autosomal
recessive condition leading to impaired hormone synthesis:
cortisol and aldosterone, produced in the adrenal glands. In
95 % of cases, the genetic alteration is to deficiency of the
enzyme 21-hydroxylase.

¢ Clinically, girls and women develop virilization and boys
have precocious puberty. In a subject that has a clinical suspi-
cion, the diagnosis of 21-hydroxylase deficiency is done by
evaluating the value of baseline plasma 17-OH progesterone
(very high in the classical forms) or after ACTH stimulation.

e CT and MRI reveal large adrenals that are cerebriform in out-
line. Adrenal rest tissue in other locations also enlarges. This
condition should be suspected in an infant with enlarged adre-
nal glands. Acquired adrenogenital syndrome is most often due
to an adenoma and less often to an adrenocortical carcinoma.

Angiography, Renal

* It is an x-ray study of blood vessels to the kidney; contrast is
injected into a catheter that has been placed into renal blood
vessels. It provides diagnostic imaging, and also endovascu-
lar therapy can be applied in the same sitting.

» It is performed to evaluate various vascular conditions, such
as aneurism and stenosis.

Angiomyolipoma, Renal (AML)

e The most common benign tumor of the kidney. It is com-
posed of abnormal blood vessels, smooth muscle, and fatty
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components. Angiomyolipomas are strongly associated with
a genetic disease called tuberous sclerosis, in which most
individuals have several angiomyolipomas affecting both
kidneys. They are also commonly found in women with a
rare lung disease, lymphangioleiomyomatosis. It is often
found incidentally when the kidneys are imaged for other rea-
sons or as part of screening in patients with tuberous sclero-
sis. Ninety percent are unilateral and single; 10 % are multiple
and bilateral. Symptomatic presentation is most frequently
with spontaneous retroperitoneal hemorrhage; the risk of
bleeding is proportional to the size of the lesion (high risk if
>4 cm in diameter).

e The best diagnostic clue consists of an intrarenal fat-
containing mass, but a proportion of angiomyolipomas are
fat-poor (numbers). CT: well-marginated cortical heteroge-
neous tumor, with a variable amount of fat. Variable enhance-
ment pattern based on the amount of fat and vascular
components. Rare calcifications. MRI: variable signal inten-
sity. It shows hyperintensity on T1 sequences, signal loss in
fat-suppression sequences, and significant enhancement after
contrast administration if the tumor contains high vascular
components.

Anterior Pararenal Space

e It is the portion of retroperitoneum that extends between the
posterior surface of the parietal peritoneum and the anterior
reflection of perirenal fascia. It is bounded laterally by the
lateroconal fascia.

* This area contains the pancreas, duodenal loop, retroperi-
toneal segments of the ascending and descending colon,
the roots of the small bowel mesentery, and transverse
mesocolon.
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It is difficult to identify on CT/MRI in normal conditions,
but it becomes more visible if there is a fluid collection or
a disease process; moreover, fluid can separate the two lay-
ers of the perirenal fascia and collect behind the kidney.
Disease or fluid in the anterior pararenal space usually
originates from pancreatitis, perforating/penetrating ulcer,
and diverticulitis.

ARPKD and ADPKD

Autosomal recessive or dominant polycystic kidney disease:
An inherited progressive condition that may manifest in dif-
ferent ages and with varying expression, potentially deleteri-
ous to renal function.

Arteriovenous Communications

It is a very uncommon condition; 70-80 % of arteriove-
nous communications in the kidney are arteriovenous fis-
tulas (AVFs). The most common causes of AVF are
penetrating traumas, but it can also be idiopathic or it can
be secondary to surgery, tumors, and inflammation, post
biopsy.

The best diagnostic choice is contrast-enhanced CT; these
lesions enhance to the same extent as the adjacent aorta,
while thrombosed lesions show no contrast enhancement.
Visualization of an enlarged feeding renal artery and draining
vein confirms the nature of AVF.

Treatment of choice is embolization of this fistula.
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Artifacts

* Artifacts are components of the image that do not reproduce
faithfully actual anatomical structures because of addition,
deletion, or distortion of information. It is rather common in
clinical MR imaging. They can potentially degrade images
sufficiently to cause inaccurate diagnosis.

¢ CT: The most common CT artifacts are as follows: (1) Volume
averaging: it is present in every CT image; it occurs when a
dense object lying off-center protrudes part of the way into the
x-ray beam. (2) Beam hardening: it results from greater atten-
uation of low-energy x-ray photons than high-energy x-ray
photons as they pass through tissue. It produces dark streaks
which extend from structures of high x-ray attenuation, such
as bone, arms, high-density objects (vascular clips, dental fill-
ings), or contrast. (3) Motion artifact: it is secondary to volun-
tary or involuntary movements of the patient, such as peristalsis
or breathing; it produces dark streaks or organ duplication of
the margin. (4) Ring artifact: if one of the detectors is out of
calibration, the detector will give an erroneous reading at each
angular position, resulting in a circular artifact. In particular,
when central detectors are affected, they will create a dark
smudge at the center of the image.

¢ The most common MRI artifacts are as follows: (1) Motion
artifact: it can cause ghost image of the moving structures or
it can produce blurring of the image. Spin-echo sequences,
particularly those with long echo times, are especially sensi-
tive to motion. The most common causes of image degrada-
tion due to motion are breathing, peristalsis, and flow-related
artifacts. (2) Chemical shift misregistration: when substances
of markedly different molecular composition are immedi-
ately adjacent to each other, localized image misregistration
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occurs at the interface between the two substances, due to
different resonant frequencies. It produces a line of high sig-
nal intensity on one side of the fat—water interface and a line
of signal void at the opposite side of the interface; it can be
frequently seen along the bladder wall or renal margins. (3)
Magnetic susceptibility artifact: it refers to a distortion in an
MR image induced by a metallic object, such as orthopedic
devices, surgical clips, and wires. It produces an area of sig-
nal void and a distortion of the image close to the metal
implant. (4) Aliasing (“wraparound artifact”): it occurs when
a body part is larger than the imaging field; those portions
outside the field will be projected back upon the primary
image.

Ascites

* Ascites means fluid in the peritoneal cavity. Classic ascites is
either a transudate or exudate based on total protein concen-
tration. The most common cause of ascites is portal hyperten-
sion due to liver disease; other causes are peritoneal
carcinomatosis, infections, and conditions leading to hypoal-
buminemia. It can also appear in patients with end-stage renal
disease, called nephrogenic ascites, probably due to altered
peritoneal membrane permeability or impaired resorption
secondary to peritoneal lymphatic obstruction.

¢ CT: Ascitic fluid may enhance on delayed contrast-enhanced
CT. MRI: A transudate is hypointense on T1-weighted
images and hyperintense on T2-weighted images, whereas an
exudate has a higher signal intensity on T1-weighted images
than a transudate (explain why! Contents of the fluid).
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Benign Prostatic Hyperplasia

e Benign prostatic hyperplasia (BPH), also called benign
hypertrophy or hyperplasia, adenomatous hypertrophy, or
simply adenoma, increases with age. Most benign hyperpla-
sia occurs in the transition zone and only occasionally in the
periurethral glandular zone. Sporadic BPH can be seen in the
peripheral zone. Some enlarged glands contain cysts, calcifi-
cations, or even regions of hemorrhage.

* Transrectal US can easily detect benign prostatic hyperplasia;
it appears like a heterogeneous mass that dislocates the pros-
tatic peripheral zone.

e Due to poor parenchyma differentiation, CT is not as per-
formed as MRI in evaluating BPH. BPH is hypointense on
T1-weighted images and heterogeneous, ranging from hypo-
to hyperintense, on T2-weighted images. It is difficult to dis-
criminate between cancer and BPH, even with MR imaging.

Biopsy of the Renal Parenchyma

See section “CT-guided biopsy of the kidney”.
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Bladder Carcinoma

e Primary bladder cancer is three times more common in men
than women and more common in whites than blacks.
Transitional cell carcinoma (TCC) is the most frequent can-
cer regarding the bladder, followed by adenocarcinoma,
squamous cell carcinoma, sarcoma, and small cell carcinoma
which are considerably less common and tend to occur in
certain settings. Epithelial origin bladder neoplasms are
uncommon in the second decade of life and rare in the first.
Most bladder neoplasms at these ages are of mesodermal
origin.

* The most common clinical presentation is painless hematu-
ria, ranging from gross to microscopic and often intermittent.
Ureteral obstruction due to an adjacent cancer is often silent.
Spontaneous perforation of a bladder carcinoma is a
curiosity.

e CT identifies a soft tissue tumor arising from the bladder
wall. Depending on growth, these tumors range from a sessile
polyp to bladder wall thickening. In general, CT misses
lesions smaller than about 1-2 cm in diameter. Computed
tomography also cannot distinguish adherent blood clots
from a tumor. CT should be performed using oral and intrave-
nous contrast with thin sections through the bladder with both
a 70-s and a 5-min delay. The early images will serve to dem-
onstrate hypervascular areas of the tumor, and the later
images are sometimes valuable in outlining the tumor extent
along the wall surface. Tumors may be polypoid or sessile
and often extend to involve a large area of the bladder wall,
including the ureterovesical junction (Fig. 1). Because transi-
tional cell carcinoma is often multifocal, evaluation of the
entirety of the urothelial tract should be attempted. Using
multidetector CT scans with rapid reformatting, coronal
images can be used to check the renal pelves and ureters for
the presence of strictures and masses. All images should also
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Fig. 1 In basal conditions, CT scans can barely outline a solid mass (white
arrow) protruding into the bladder (a). After intravenous administration of
contrast medium, the lesion is well represented both during arterial and
venous phase (b, ¢). During the urographic phase (d), the tumor appears as
an image of “minus” compared to the hyperdense bladder which is full of
contrast medium

be evaluated for the presence of increased number and size of
pelvic and retroperitoneal lymph nodes and distant disease.
In cases of advanced disease, CT is probably preferred
because of its rapid acquisition and ease of interpretation.

* MRI: Magnetic resonance imaging offers several advantages
over other imaging modalities. The multiplanar scanning
capability and abundant inherent contrast between perivesical
fat, soft tissue of the bladder wall, and urine in the lumen
result in excellent contrast resolution. Images should be
acquired in at least two orthogonal planes and with high-
resolution small fields of view (FOVs). Phased-array surface
coils are used to achieve the high resolution necessary for
local staging. T1-weighted images are preferred for the
depiction of the tumor, invasion into the adjacent fat or
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Fig. 2 A hypo-isointense lesion (white arrow) located on the left side of
the bladder, evaluated in T2-weighted imaging (a, b) with also fat signal
suppression (¢). The neoplasm shows a remarkably high value (white
arrow) in diffusion imaging (d) which correlates with low ADC values (e),
highlighting a tissue with high cellularity (black arrow). The mass has no
postcontrast enhancement (f), showing a hypointense pattern (black arrow)

organs, and lymph node and bone marrow involvement.
T2-weighted images are used to assess invasion into the blad-
der muscle, prostate, and seminal vesicles. With injection of
gadolinium contrast, carcinomas involving the bladder
mucosa and submucosa show early and prominent enhance-
ment. On T2-weighted MRI, the muscular wall of the bladder
is of homogeneously dark signal (Fig. 2). Extension into but
not through the muscular wall is Stage II disease. Extension
of high-signal mass through the wall indicates Stage III dis-
ease. Metastasis to a lymph node can be recognized if it leads
to nodal enlargement. For local extension, T1-weighted,
dynamic, post-Gd-DTPA enhanced images may be of help in
delineating a mass from adjacent inflammatory stranding.
Coronal images of the upper urinary tract, similar to those
with CT or intravenous urography (IVU), can be obtained
using a heavily T2-weighted coronal series, obtained either
as a volume or comprising multiple slices. MRI shows that
carcinomas have a Tl-weighted signal intensity similar to
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that of muscle. T2-weighted images reveal a higher signal
intensity than normal bladder wall or fibrosis. Tumor detec-
tion is superior with post-Gd-DTPA images, although one
should keep in mind that both cystitis and tumors exhibit
early MR contrast enhancement. The use of surface coils
leads to better image quality than does the use of body coils.
Endorectal coils improve visualization of the bladder base
and dorsal structures but are of limited use for the rest of the
bladder and should not be used. T1-weighted images provide
good contrast between hyperintense perivesical fat and isoin-
tense bladder wall and detect perivesical fat invasion, spread
to lymph nodes, and bone marrow metastases; the latter are
identified against the hyperintense normal marrow.
T2-weighted images evaluate bladder wall infiltration and
prostatic and adjacent structure invasion, although differen-
tiation between tumor and edema is difficult.

Bladder Diverticulum

e Bladder diverticula form when mucosa herniates through
overlying muscle. It is uncommon. Diverticula may be primary
developmental in origin (Hutch diverticula) or acquired sec-
ondary to obstruction and infection or iatrogenic. The latter is
more common

e MRI: Bladder diverticulum is well represented using
T2-weighted sequences where the diverticula content shows a
hyperintense, bladder-like, fluid signal intensity. The diverticu-
lum has a thin wall, in contrast so the native bladder wall which
is often thickened as a result of associated bladder outlet
obstruction; both possess a low signal intensity on T2-weighted
images. The bladder wall, however, may remain its normal
thickness in which case a radiological differentiation between
a large diverticulum and a bladder duplication is not possible.
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CT: Bladder diverticulum in basal conditions does not own a
peculiar aspect that allows to quickly differentiate from the
nearby bladder due to similar isodensity and small ones could
be skipped on a quick evaluation; performing a Uro-CT is
sufficient to detect a pouch filled with iodine contrast medium,
which modifies the bladder’s profile with a hyperdense “plus”
area.

Bladder Exstrophy

Bladder exstrophy is a rare developmental abnormality that is
present at birth (congenital) in which the bladder and related
structures are turned inside out.

Prenatal diagnosis of bladder exstrophy is difficult and some-
times impossible, even using US. Most often, the diagnosis is
made after birth with the finding of an exposed bladder.
Fetal MRI can accurately diagnose a wide variety of urinary
tract disorders and must be regarded as a valuable comple-
mentary tool to US in the assessment of the urinary system,
particularly in cases of inconclusive US findings.

Bladder Fistula

Bladder fistulas are represented by the following:

Vesicovaginal fistulas: These fistulas are correlated to prior
gynecologic procedure, obstetrical trauma, adjacent neo-
plasms, and radiation therapy. Cystography is the procedure
of choice to detect these fistulas.

Enterovesical fistulas: These fistulas are the most frequent
causes of enterovesical fistulas are sigmoid diverticulitis,
colon and bladder malignancies, Crohn’s disease, pelvic
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radiation, trauma, and infection by actinomycosis, tuberculosis,
lymphogranuloma venereum, or an adjacent abscess, such as
neglected appendicitis. Indirect signs of a fistula include gas
within the bladder and an irregular outline to the bladder wall.
A suspected fistula is studied by cystography or barium
enema. Computed tomography and MRI outline some bladder
fistulas. Gadolinium-enhanced T1-weighted MR images are
superior in showing a fistula compared to precontrast images.
If a fistula is accessible, contrast injection into the fistula and
fistulography or MRI should define it.

e Uterovesical fistulas: These fistulas are rare and could be
related to prior cesarean sections and may manifest with vag-
inal urinary leakage.

Bladder, Neurogenic

* Bladder dysfunction is classified into an uninhibited neuro-
genic bladder, hyperreflexive detrusor (reflex neurogenic,
contractile bladder), areflexic detrusor (autonomous neuro-
genic, flaccid bladder), and sensory or motor paralysis.

e In an uninhibited neurogenic bladder, voluntary external
sphincter contraction prevents voiding during uninhibited
voiding. As a result, the posterior urethra is dilated to the
external sphincter level, and the imaging appearance is simi-
lar to a spinning top. These findings occur in infants with an
immature bladder and adults with a cerebral cortical lesion
(stroke, brain tumor). In infants, the imaging appearance
tends to be similar to that seen with posterior urethral valves.

* Patients with a lesion above the lower lumbar level have
detrusor hyperreflexia and develop a trabeculated thick-
walled bladder. Such a hyperreflexive detrusor is found in
patients with multiple sclerosis and lesions inducing spinal
cord damage (trauma, tumor, syringomyelia). A large
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postvoid residue is common. Bladder contractions result in
bladder neck opening, but the striated external sphincter does
not open and thus bladder pressure increases. Associated
vesicoureteral reflux is common in these patients and, if not
corrected, often results in loss of renal function. Lower motor
neuron involvement leads to detrusor areflexia. These patients
develop a large, thin-walled bladder. No detrusor contrac-
tions are evident with an areflexic detrusor. The bladder neck
remains open, the external sphincter does not constrict nor-
mally, and these patients are incontinent.

Additional variants of a neurogenic bladder include sensory
and motor paralysis. The former is most often found in dia-
betics. Motor paralysis develops in some multiple sclerosis
and polio patients. Urinary incontinence and retention are
common problems in multiple sclerosis, often presenting a
complex appearance.

Bladder Trauma

Spontaneous bladder rupture in the absence of trauma is rare
but has occurred in a setting of previous radiation therapy,
surgery, and infection or is idiopathic. The risk of bladder
rupture increases with bladder distention. Perforation of an
empty bladder is generally associated with a penetrating
injury, either extrinsic or a bone fragment. After blunt pelvic
trauma or in a setting of pelvic fractures, bladder or urethral
injury is suggested by hematuria or inability to urinate.

MRI is generally precluded during the immediate post-trauma
period by monitoring logistics in a strong magnetic field.

CT is used to evaluate for pelvic and abdominal trauma. The
presence of pelvic fractures and pelvic fluid is associated
with bladder rupture, but a bladder perforation cannot be
excluded on this study without full bladder distension.
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Bone Metastases

* Bone metastases may either be osteoblastic, be osteolytic, or
have mixed characteristics. Because bone scintigraphy is sen-
sitive to bone buildup, it visualizes osteoblastic metastases
very well and is also sensitive to mixed lesions.
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Claustrophobia

* 20 % of general population have claustrophobia.

 Patient positioning important: Try prone position or head out-
side the bore or gantry.

* Mild sedation (e.g., benzodiazepine) can be applied.

Cervical Carcinoma

* Cervical epithelium can undergo a series of gradual histo-
logic changes from progressively severe dysplasia to carci-
noma in situ (CIS) and invasive carcinoma.

» Invasive carcinoma spreads by direct extension to adjacent
organs: vagina, pelvic wall, bladder, and rectum. Metastatic
lymphadenopathy occurs commonly in the pelvic lymph
nodes, but it also involves the periaortic chains in about 20 %
of patients.

V. Panebianco, J.J. Fiitterer, MDCT and MRI in Genitourinary Imaging, 23
A-Z Notes in Radiological Practice and Reporting,
DOI 10.1007/978-88-470-5705-0_3, © Springer-Verlag Italia 2015
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The identification of cervical carcinoma in MRI is simple
because the high-signal-intensity lesion contrasts with the
marked low-signal-intensity cervical stroma on T2W images.
Areas of coagulative necrosis may appear as small foci of
lower signal intensity within the tumor mass.

Tumors responding to treatment generally lose signal inten-
sity on T2W images.

T1W images often doesn’t detect smaller lesions because of
a lack of contrast between the cervix and tumor.

Cryptorchidism

The prevalence of undescended testis is 3.5 % at birth and
decreases to 0.8 % by 1 year, because many testes descended
spontaneously.

Identification of undescended testis is important because of
the increased incidence of infertility and neoplasm if the tes-
tis remains undescended.

If US findings are equivocal or negative and/or a preoperative
localization is desired, either CT or MRI can be performed.
MRI is the best cross-sectional modality to assess cryptorchi-
dism. A disadvantage of MRI in children, compared with CT,
is the lack of a contrast agent to opacify bowel loops, which
makes detection of the atrophic testis more difficult. Young
children require sedation which may be a limiting factor for
MR imaging.

The CT features of an undescended testis are an oval and soft
tissue mass located anywhere along the pathway of testicular
descent. The accuracy of CT for localization of non-palpable
testes exceeds 90 %. Unless it is atrophic or ischemic, the
undescended testis has an intermediate signal intensity equal
to that of muscle on T1-weighted images and higher than that
of subcutaneous fat on T2-weighted images. Coronal TIW
images can show gubernaculum testes and spermatic cord,
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which can be followed to locate the undescended testes.
Diffusion-weighted MRI shows markedly hyperintense testes
and helps to differentiate it from surrounding structures.

Cystectomy

* Cystectomy is the surgical removal of the urinary bladder; it
is most commonly performed for bladder cancer treatment.
After the bladder has been removed, an ileal conduit urinary
diversion is necessary. An alternative is to construct a pouch
from a section of the ileum or colon, which can act as a form
of replacement bladder.

* Because of the complexity of these procedures, early and late
postsurgical complications are frequent (including hema-
toma, urinoma, and abscess); CT is an accurate method for
detecting these complications.

* Afterwards, a cutaneous ureterostomy CT allows the accurate
depiction of ureters and their surgical anastomoses to the
anterior abdominal wall.

¢ After, an ileal conduit creation multidetector CT allows visu-
alization of the ureters up to the point of anastomosis to the
ileal conduit. It is important to evaluate also the enteroenteric
anastomosis, most often visible because mechanical suturing
is usually performed.

* Subsequently, in continent cutaneous diversion at multidetec-
tor CT, the reservoir appears to be partially filled by hypoat-
tenuating material, a characteristic that represents mucous
secretions from the bowel.

* Subsequently, an orthotopic bladder replacement multidetec-
tor CT allows the identification of a bowel loop in anatomic
continuity with the reservoir, a finding that corresponds to the
isoperistaltic afferent limb.

» Early complications:
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— Adynamic ileus is the most common bowel complication

after urinary diversion surgery: it is characterized by
dilated loops of small and large bowel with gas—fluid lev-
els and by the absence of a visible cause of obstruction. A
CT-based diagnosis of adhesive small bowel obstruction
may be made in the presence of an abrupt change in bowel
caliber and the absence of another cause of obstruction.
Fluid collection: The differential diagnosis of postsurgical
fluid collections includes urinoma (see section “Urinoma”),
hematoma, and lymphocele. Unenhanced and nephro-
graphic phase in the presence of hematoma shows a non-
enhancing heterogeneous fluid collection. The CT finding
of a homogeneous fluid collection with a very thin wall
near the surgical clips is suggestive of lymphocele.

Contrast-Induced Nephropathy

¢ Contrast-induced nephropathy (CIN) is defined as the impair-

ment of renal function; it is measured as either a 25 % increase in
serum creatinine (SCr) from baseline or 0.5 mg/dL (44 pmol/L)
increase in absolute value, within 48—72 h of intravenous contrast
administration. Following contrast exposure, SCr levels peak
between 2 and 5 days and usually return to normal in 14 days.
CIN is one of the leading causes of hospital-acquired acute
renal failure. It is associated with a significantly higher risk of
inhospital and 1-year mortality, even in patients who do not
need dialysis.

Calyceal Diverticulum

e A calyceal diverticulum represents a congenital malforma-

tion of the collecting system. These diverticula are usually
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centrally located within the kidney, adjacent to the pyramids
and collecting system. Although most calyceal diverticulum
are small (1< cm), occasionally they can be quite large. The
incidence of calyceal diverticula is low; the frequency of
stone formation within them is high.

* Many calyceal diverticula communicate freely with the col-
lecting system and become opacified during either antegrade
or retrograde urography as well as during CT (late phase).
Occasionally, the neck of the diverticulum is stenotic, and the
diverticulum becomes only faintly opacified or, in some
cases, not at all. Detection of faint opacification of a calyceal
diverticulum at CT can be assisted by comparing the attenua-
tion within the “cyst” on delayed imaging sequences with the
patient first supine and then prone.

Cystitis

e It is the inflammation of the bladder, usually caused by a
bladder infection.

Bladder infections can be caused by inappropriate bladder
emptying, damage or irritation around the urethra, and bacte-
ria being transferred from the anus to the urethra.

* Symptoms of cystitis include pain; burning or stinging sensa-
tion when urinating; needing to urinate often and urgently but
passing only small amounts of urine; urine that’s dark, cloudy,
or strong smelling; hematuria; and pain low in the belly or in
the lower back or abdomen.

» For patients who have frequent episodes of cystitis or in the
presence of antibiotic resistance, the possibility of an under-
lying abnormality should be considered; in such cases, the
entire urinary tract should undergo imaging.

e CT scanning is useful when calculus disease, bladder diver-
ticula, colovesical fistula, or perivesical abscess is under
consideration.



28

C

In cases of cystitis, MRI findings are nonspecific; the
appearance is that of focal or diffuse thickening of the blad-
der wall. On T2-weighted images, 4 layers of the bladder wall
are appreciated. After the intravenous administration of
gadolinium-based contrast agent, variable enhancement of
the bladder wall is observed. The intensity of enhancement
depends on the severity of the inflammatory process.

MRI is particularly suited for the diagnosis of hemorrhagic
cystitis. MRI may demonstrate changes of hemorrhagic cys-
titis and may permit a determination of disease activity.

Collecting Duct Carcinoma

Originating from the collecting ducts of the kidney accounts
for only 1 % of renal carcinomas. The age of presentation
ranges from 16 to 62 years. Collecting duct tumors demon-
strate aggressive behavior; a maximum survival of approxi-
mately 2 years is reported.

CT demonstrates renal medullary involvement with an infil-
trative appearance and renal sinus encroachment. The reni-
form contour of the kidney is preserved except when an
expansive component is present.

Collecting duct carcinomas are hypointense on T2-weighted
images and hypovascular on angiography. However, there are
no specific radiological findings of this entity.

Wilms’ tumor: Wilms’ tumor represents 87 % of pediatric
renal neoplasm. The most common clinical presentation is an
enlarging abdominal mass; less common symptoms include
abdominal pain, fever, and hematuria. This tumor requires
resection and preoperative imaging CT and/or MRI.

On CT, a Wilms’ tumor usually appears as a spherical intrare-
nal mass, often with a pseudocapsule surrounding it. The tumor
is less dense than the normal renal parenchyma on
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contrast-enhanced CT scans; areas of attenuation coincide with
tumor necrosis, fat deposition, or both. Perinephric tumor
extension thickens the renal fascia and obliterates the perineph-
ric fat. Central retroperitoneal adenopathy can be detected by
CT. Renal vein and inferior vena caval tumor extension may be
shown after an intravenous bolus injection of contrast medium.

* On MRI, Wilms’ tumor appears as a large, well-defined mass
with relatively distinct margins. It has low signal intensity on
T2W images. The tumor often appears heterogeneous on
both TIW and T2W images. Currently, CT and MRI appear
equivalent for staging Wilms’ tumor. However, MRI shows
venous extension better than CT.

* Nephroblastomatosis: Foci of persistent metanephric tissue
are designated as nephrogenic “rests.” The presence of mul-
tiple nephrogenic rests is termed nephroblastomatosis, which
is a precursor lesion to Wilms’ tumor. Nephroblastomatosis
occurs most often in neonates and is characterized by multi-
ple bilateral subcapsular masses.

e CT is the gold standard. On contrast-enhanced CT, the rests
enhanced less than the adjacent normal parenchyma. The
hallmark of neoplastic transformation of a benign nephro-
genic rest is enlargement on serial CT scans.

* On MRI, nephroblastomatosis tends to be hypointense to
renal cortex on T1W images and isointense to cortex on T2W
images.

* Renal sarcoma: Primary renal sarcomas are rare mesenchy-
mal tumors that often have a poor prognosis. Subtypes of this
neoplasm include leiomyosarcoma (the most common renal
sarcoma, accounting for about 58 % of all), angiosarcoma,
hemangiopericytoma, liposarcoma, rhabdomyosarcoma,
fibrosarcoma, and osteosarcoma.

— Capsular localization, a feature of more than 50 % of
these tumors, should suggest the diagnosis on CT. When
these neoplasms arise in the renal parenchyma, they are



30 C

indistinguishable from RCC in CT images. On CT, lipo-
sarcoma causes compression without invasion of the renal
parenchyma and shows a variety of appearances correlat-
ing with their gross and histological features. For example,
tumors containing a large amount of mature fat show nega-
tive attenuation values and myxoid liposarcoma contains
little mature fat, and their predominantly fluid and connec-
tive tissue composition results in attenuation values nearer
those of water.

CT-Guided Biopsy of the Kidney

* CT is the second-choice modality if the problem is not well
seen by ultrasound. The main indication is the presence of a
mass of indeterminate nature not identifiable with other
methodologies. In most patients, the approach is posterior,
with the trajectory chosen to avoid the erector spinal muscle
(after anesthetizing locally the renal capsule).

* Cystic masses: Aspirate the fluid and define the thickening of
the wall by injecting urographic contrast material. Try to
sample, eventually, the solid portion of the mass or the wall
thickening. Solid masses: A bolus dynamic scan must be
performed to assess vascularity; in case of slightly increased
vascularity, aspiration is quite safe.

¢ The accuracy rate for diagnostic aspiration of renal mass is
approximately 100 %. Complications related to such proce-
dures are quite low.

Contrast-to-Noise Ratio

e Relative signal-to-noise differences from two different
regions.
* CNR=(S,-S)/o.
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* S, and S,=mean signal intensity from the two regions;
o=standard deviation of the background noise.

Conversion Factors, Radiation Dose

» Estimate of effective dose from the DLP.

e Conversion factor used: European Commission. European
guidelines on quality criteria for computed tomography, EUR
16262EN. Luxembourg: Office for Official Publications of
the European Communities, 2000. Available at www.drs.dlk/
guidelines/ct/quality.

* E_=Conversion Factor « DLP.
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Duplicated Collecting System

e It is one of the most common congenital renal tract
abnormalities, characterized by incomplete fusion of the
upper and lower pole moieties resulting in complete or
incomplete duplication of the collecting system.

* Duplication can be variable: At one end of the spectrum,
there is merely duplication of the renal pelvis, draining via a
single ureter. At the other extreme, two separate collecting
systems drain independently into the bladder or ectopically.
Duplex systems may be unilateral or bilateral and can be
associated with a variety of other congenital abnormalities of
the urinary tract, e.g., ureterocele.

e Most duplicated systems are asymptomatic and diagnosed
incidentally. However, where symptoms do occur (infection,
reflux, or obstruction), the patient is likely to have completely
duplicated ureters. Occasionally, hydronephrosis can be
severe enough to result in flank discomfort or even a palpable
mass.

* MRI urography may be used as the primary diagnostic
method for assessing a duplex ectopic ureter, as well as the
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complications associated with duplex kidneys. Spatial
resolution is a limiting factor. MR urography is an extremely
useful technique in patients who have the probability of an
adverse reaction to radiopaque contrast media.

e CT is able to delineate all these abnormalities, especially
when performed during the excretory phase. Maximum
intensity projection (MIP) reconstruction software can pro-
duce single images of the collecting systems. In an unob-
structed system, the diagnosis can be difficult. A duplicated
renal collecting system can be suspected by identifying the
so-called faceless kidney.

Dilating Uropathy

¢ Dilated collecting and draining system (ureter, renal pelvis,
calyxes): Any condition of the urinary tract that causes or is
associated with dilatation of the urinary system. Note that
dilatation does not equal to obstruction; obstruction may be
one cause for dilatation; other reasons for a dilated urinary
tract are laxity, dysplasia, infection, or congenital variations
such as megacalicosis.

Dynamic Contrast-Enhanced MR Imaging

¢ Dynamic contrast-enhanced MR imaging is performed after
the administration of intravenous contrast medium to access
vascular characteristics of tumors and normal tissues. T1 short-
ening from contrast agent is considered a measure of tissue
perfusion, capillary permeability, and volume of extracellular
space.
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Ectopic Kidney

* A renal ectopia is a birth defect in which the developmental
of the kidney is characterized by abnormal anatomical loca-
tion (arrest or exaggeration of normal caudal-to-cranial
ascent of the kidney). The incidence is about 1/900 people.

» Patients are most often asymptomatic. Normal pathology can
affect ectopic kidneys, but because of the ectopic position,
patients could refer nonclassical abdominal pain or urinary
disorders.

* Most common associations in patients with renal ectopia are
multicystic dysplasia in a fused or unfused crossed kidney,
ureterocele, ectopic ureteric orifice, and vesicoureteric reflux
(see vesicoureteric reflux).

* Ectopic kidney is often an incidental finding at abdominal
ultrasonography. Around 50 % remain unrecognized through-
out life.

* Contrast-enhanced CT of the abdomen and pelvis shows the
abnormalities in patients with renal ectopia.
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MRI shows detailed anatomic position of dysplastic kid-
neys and eventually ectopic ureteral insertions and/or other
associated malformations, in cases where other modalities,
which use ionizing radiation or nephrotoxic contrast agents,
have failed. One of the disadvantages of MRI includes the
need for sedation or general anesthesia in most children.

Ejaculatory Dysfunction, MR of

MRI with an endorectal coil has been used in man with ejacu-
latory dysfunction to identify developmental abnormalities of
the prostate and seminal vesicles.

Prostatic cysts along the course of the ejaculatory ducts, sem-
inal vesicle cysts associated with ipsilateral seminal vesicle
and renal agenesis, and seminal vesicle calculi can be identi-
fied. Evidence of hemorrhage is often seen in the seminal
vesicles (short T1 of fluid) in men with hemospermia.

The normal seminal vesicles measure about 3 cm in length
and about 1.5 cm in diameter, with a normal volume of about
13.7 mL. The walls of the seminal vesicles are normally 1-2-
mm thick at MR imaging. The ampullae of the vas deferens
measure 0.4 cm=0.1 in diameter. The ejaculatory ducts mea-
sure approximately 4-8 mm in diameter.

Utricle cysts are pear-shaped structures that, unlike Miillerian
duct cysts, do not extend above the base of the prostate. They
communicate freely with the prostatic urethra.

Miillerian duct cysts result from focal failure of regression and
focal saccular dilatation of the mesonephric duct. They appear
as teardrop-shaped midline cysts extending above the prostate.
They do not communicate with the posterior urethra whereas
utricle cysts do. These cysts may also cause ejaculatory impair-
ment by obstructing the ejaculatory duct in the midline.
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Endometrial Carcinoma

* Cancer of the endometrium is the most common invasive
gynecological malignancy in Europe and the United States.
The median age of occurrence is 63 years, though 12 % of
cases are present in premenopausal women.

e Clinical presentation commonly is a postmenopausal
bleeding.

* The most common histological type is endometrioid adeno-
carcinoma (75 %); less common types are papillary serous
carcinoma, clear cell carcinoma, adenosquamous carcinoma,
and undifferentiated carcinoma.

» Staging of endometrial carcinoma is based on the FIGO stag-
ing system, which uses a surgical and pathological staging
following total abdominal hysterectomy, salpingo-
oophorectomy, lymphadenectomy, and peritoneal washings.
Tumors are staged on the basis of depth of myometrial
invasion.

* US signs of endometrial cancer include heterogeneity and
irregular endometrial thickening. Polypoid tumors tend to
cause more diffuse and irregular thickening than a polyp and
more heterogeneity than endometrial hyperplasia. A uterine
fluid collection should raise the concern of underlying
malignancy.

* CT is most commonly used to study extent of spread of endo-
metrial cancer, but it’s necessary to administer oral, rectal,
and IV contrast material. CT findings may include the
following:

— Hypoattenuated mass in the region of the endometrial cav-
ity, which may show uniform attenuation or may be het-
erogeneous, with or without a contrast-enhanced
component

— Polypoid mass surrounded by endometrial fluid
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— Heterogeneous soft tissue mass/masses and fluid expand-
ing the endometrial cavity

— Fluid-filled uterine cavity marginated by mural tumor
implants

The reported overall accuracy of CT staging ranges from
84 to 88 %.A dedicated pelvic MRI protocol is valuable in the
evaluation of endometrial cancer. The imaging protocol
consist of using a phased-array coil, administering antiperi-
staltic agents, using high-resolution sagittal and axial
T2-weighted sequences, and using axial T1-weighted spoiled
gradient-echo images for lymph nodes study and sagittal
T1-weighted spoiled gradient-echo sequences following IV
injection of paramagnetic contrast material.

MRI has proven to be an important tool for the staging of
known endometrial carcinoma: MRI can differentiate
between superficial and deep-muscle-invasive tumors, such
important information for surgical management.

MR imaging findings may show focal or diffuse endometri-
oid thickening, which is irregular in thickness, configuration,
and mass or widened by polypoid tumor. The signal intensity
of the tumor has variable patterns on T1-weighted and
T2-weighted images:

— Unenhanced T1-weighted images: Hypo- to isointense to
normal endometrium.

— T2: Hyperintense or heterogeneous relative to normal
endometrium.

— T1+(Gd): Carcinoma tissue will enhance less than normal
endometrium.

MRI is considered superior to CT for local staging, and post-
contrast MRI improves accuracy in detecting the depth of
myometrial invasion. If the normal low-signal-intensity junc-
tional zone is intact, myometrial invasion can most likely be
excluded.
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Endometrial Polyp

Endometrial polyps are benign small, soft growths on the lin-
ing of the uterus.

They may be single or multiple (20 %), sessile or peduncu-
lated, and much more commonly localized towards the fundal
and cornual regions within the uterus. They are most fre-
quently found in patients receiving tamoxifen.

Endometrial polyps often are asymptomatic although they
can be a common cause of postmenopausal bleeding (30 % of
cases). In menstruating women, they may cause intermen-
strual bleeding, metrorrhagia, and infertility.

Ultrasound signs of endometrial polyp consist of echogenic,
smooth, focal mass in the endometrial canal outlined by fluid.
Polyps may also be seen at hysterosalpingography as pedun-
culated filling defects in the uterine cavity.

Pelvic MRI findings: Endometrial polyps are of intermediate
signal intensity on T1W images (but often iso-signal intensity
to endometrium) and of low-to-high signal intensity on T2W
images; the presence of a central focus of low signal intensity
on T2W images indicates a fibrous core, which suggests
the diagnosis of an endometrial polyp. Use of contrast
enhancement improves lesion detection, but enhancement
patterns do not reliably distinguish endometrial carcinoma
from other lesions.

Endometrioma

L]

An endometrioma is a localized form of endometriosis: a
benign, estrogen-dependent cyst located outside the uterus,
found in women of reproductive age. It usually involves the
ovaries and it is bilateral in 1/3 of the cases. Malignant
transformation of endometriosis is very rare.
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MRI findings of endometriomas are variable and depend on
the concentration of iron and protein in the fluid, products of
blood degradation. In fact, the cyst contains altered blood that
varies from the usual viscous “chocolate” material to the
watery fluid; instead, the wall of these cysts is usually thick
and fibrotic, but it may be attenuated. MRI can distinguish
endometriomas from most other ovarian masses. It cannot
accurately detect superficial implants and adhesions.

On T1W images, MRI of fat-suppressed “chocolate cyst” dem-
onstrates very high signal intensity that becomes relatively
hypointense in T2ZW sequences. This pattern of signal intensities
is rarely seen in other masses of any type.

Endometriosis

Endometriosis is an estrogen-dependent disease classically
defined as the presence of functional endometrial tissue out-
side the uterine cavity and has an estimated prevalence of
5-10 % of women per year. This is distinct from adenomyo-
sis, in which endometrial tissue is confined to the uterine
musculature. Endometriosis is divided into superficial and
deep and comprises nodules, cysts, and secondary scarring.
It is mainly found in the abdominal cavity, most commonly
on the surface of the ovaries. Less common locations include
C-section scars, deep subperitoneal tissues, gastrointestinal
tract, bladder, chest, and subcutaneous tissues.
Endometriosis may be asymptomatic. Common symptom is
pelvic pain, including dyspareunia, dysmenorrhea, chronic
pelvic pain, urinary symptoms and rectal discomfort, and
dyschezia.

MRI has high sensitivity and specificity for evaluating deep
disease and lesion characterization. Lesions usually
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demonstrate low to intermediate signal intensity on T2- and
T1-weighted images. Typically, the lesions that can be
detected with MRI are those that contain degraded blood
products and high concentration of protein. T2-shading is the
classic MR feature of an endometrioma and is defined as a
cystic lesion with hyperintense signal on T1-weighted images
that demonstrates T2 shortening resulting in relative hypoin-
tensity on T2-weighted images. The cul-de-sac is the most
common site of deep pelvic involvement, and the differentia-
tion between normal anatomy and presence of endometriosis
in this site is readily made using MRI.

In cases of suspected malignancy, T1- and T1-fatsat sequences
before and after the administration of intravenous gadolinium
may supplement this protocol.

L]

Limitations of MRI: Superficial endometriosis (Sampson’s
syndrome) is most often not visible; nonpigmented lesions
will not be hyperintense on T1 and thus harder to detect;
small foci may have variable signal intensity; plaque-like
implants are difficult to delineate.

Endometritis

Endometritis refer to an inflammation of the endometrium; it
may be acute or chronic. Acute endometritis most commonly
occurs in the puerperium and is characterized by the presence
of microabscesses or neutrophils within the endometrial
glands; chronic endometritis is secondary to the use of
intrauterine devices and is distinguished by variable numbers
of plasma cells within the endometrial stroma. Cesarean
section and multiple vaginal examinations are important
risk factors.
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In acute endometritis, symptoms include lower abdominal
pain, fever, and abnormal vaginal bleeding or discharge.
Chronic disease may be asymptomatic or may occur with
intermenstrual bleeding or pain.
CT plays little role in the diagnosis of endometritis.

MRI appearance: Uterus with medium signal intensity on T1
and high signal intensity on T2, with loss of the normal uter-
ine zonal anatomy (the uterus can be enlarged). Postcontrast
images show intense uniform enhancement because of the
hypervascular inflammatory changes and zonal anatomy is
not appreciated.

Epididymo-orchitis

Epididymo-orchitis is the sudden inflammation of the epi-
didymis and testis. It is usually due to infection, most com-
monly from a urine infection or a sexually transmitted
organism. The infection usually begins in the tail of the epi-
didymis and spreads to the body and head. Approximately
2040 % of cases of epididymitis are associated with orchitis,
which is thought to be due to direct extension of infection
into the testicular parenchyma.

Clinical evaluation alone serves to identify most infectious
disease affecting the male genitalia, and US is in general the
imaging modality of choice. However, MR imaging can be
useful as a problem-solving tool when sonographic findings
are equivocal.

At MR imaging, epididymo-orchitis generally demonstrates
heterogeneous areas of low signal intensity on T2-weighted
images. The epididymis may be enlarged and hyperenhanc-
ing on contrast-enhanced T1-weighted images. The testis
often demonstrates evidence of orchitis as patchy areas of
lower signalintensity on T 1-weighted images (inhomogeneous
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enhancement). The fluid usually evident in the scrotal sac
may outline the bare area of the testis. Visualization of this
structure helps to exclude testicular torsion. If fluid within the
hydrocele is other than simple fluid (i.e., has very long T1 and
T2), the presence of hemorrhage or infection of the fluid is
suggested. Gadolinium-enhanced images may be valuable in
this regard to demonstrate necrotic or infarcted areas of the
testis as nonenhancing areas.
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Fistula, Rectovaginal

Rectovaginal fistulas are rare and represent a small portion of
all anorectal fistulas. Enterovaginal and vesicovaginal fistulas
are the most common types of complications after radiother-
apy of larger gynecologic neoplasms and after surgery.
Women with colovaginal fistulas may present with feces, fla-
tus, or mucus per the vagina.

Fistulous tract on T2-weighted images or inversion recovery
MRI appears as a tract of fluid signal intensity surrounded by
lower-signal-intensity granulation tissue and fibrosis. Changes
in normal structures in the pelvis are evident on MR images:
fascial and muscle edema; thickening of the rectum wall,
bladder, and vagina; and fatty infiltration of bone marrow.
They depend on the radiation dose and the time elapsed since
RT. Increased signal intensity on T2W images usually reflects
acute or subacute changes and does not persist indefinitely.
Increased signal intensity should not be confused with tumor
recurrence.
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Fournier Gangrene

Fournier gangrene is a necrotizing fasciitis of the perineum.
It’s a urologic emergency with a potentially high mortality
rate; it is typically seen in diabetic men aged about 50-70.
Clinical presentation: Perineal/scrotal pain, swelling, red-
ness, crepitus from soft tissue gas, systemically unwell, fever,
and leukocytosis.

Although the diagnosis of Fournier gangrene is often made
clinically, radiologic imaging—particularly CT—can help
confirm the diagnosis and to determine disease extent. The
CT features of Fournier gangrene include soft tissue thicken-
ing and inflammation, demonstrating the asymmetric fascial
thickening; any coexisting fluid collection or abscess; fat
stranding around the involved structures; and subcutaneous
emphysema secondary to gas-forming bacteria.

Fallopian Tube Cancer

Primary fallopian tube carcinoma is a rare malignancy that
originates from the fallopian tube. They account from 1 to
2 % of all gynecological cancers. It typically presents in post-
menopausal women aged 60-79. However, fallopian tube
carcinoma has been reported in young girls aged 17-19. The
most common histological type of PFTC is papillary serous
carcinoma, which is histologically identical to serous ovarian
adenocarcinoma.

Most patients are asymptomatic and often insidious; when

symptomatic, the most common nonspecific symptoms include

Latzko’s triad consisting of lower abdominal pain, serosanguin-
eous vaginal discharge, and an adnexal mass (reported in 15 %

of cases).
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e Most of the tumors originate from the ampulla with an
Oendoluminal growth that leads to hydrosalpinx. Fallopian
tube cancer can be bilateral in 20 % of the cases. The most
common histological types are serous and endometrioid car-
cinoma, with a pattern of growth nodular, papillary, infiltra-
tive, or mass forming.

* The lesion can have the appearance of a small, solid, lobu-
lated mass on CT scan or on MRI. Advanced tumors are dif-
ficult to differentiate from ovarian tumors on imaging. The
presence of a hydrosalpinx can be a useful feature.

* On CT scan, the lesion has an attenuation equal to that of
other soft tissue masses and enhances less than the
myometrium.

* OnTI1 images, the solid tumor portion is usually hypointense;
if there is an associated simple hemorrhagic fluid containing
hydrosalpinx, this may be of high signal. On T2 images, the
solid tumor component is often homogeneously hyperin-
tense. After somministration of gadolinium contrast, T1
images of the solid portion often demonstrate enhancement.
MRI seems to be better than CT scan or ultrasound in detect-
ing tumor infiltration of the bladder, vagina, pelvic sidewalls,
pelvic fat, and rectum.

* Data from the literature indicate that patients with PFTC have
a higher rate of retroperitoneal and distant metastases.
Metastases to the para-aortic lymph nodes have been docu-
mented in 33 % of the patients with all stages of disease.
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Germ Cell Tumor, Ovarian

Ovarian germ cell neoplasms (OGCNs) may be benign or
malignant. These neoplasms comprise approximately 20-25
% of ovarian neoplasms overall and arise primarily in young
women aged between 10 and 30.

Germ cell tumors are a histologically heterogeneous group of
tumors. The main categories of ovarian germ cell tumor are
teratomas (the most common benign OGCNs), immature
teratomas, dysgerminomas, endodermal sinus or yolk sac
tumors, and mixed germ cell tumors. These conditions are
bilateral in 10-12 % of cases, while the majority of other his-
tologies present as unilateral ovarian masses. OGCNs often
produce hormones, particularly the beta subunit of human
chorionic gonadotropin (hCG), and grow rapidly.

Patients typically present with one or more symptoms:
abdominal enlargement (from the mass itself, ascites, or both;
in 87 % of patients), abdominal pain (from rupture, hemor-
rhage, or torsion; in 85 % of patients), precocious puberty,
abdominal distention, fever, abnormal vaginal bleeding (pre-
sumably from hCG production), and symptoms of pregnancy
(from hCG production).
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e In virtually all cases, surgery is required for definitive

histological diagnosis, treatment, and staging (if malignant)
of OGCNs.

CT has high sensitivity in the diagnosis of cystic teratomas.
Typically, CT images demonstrate fat, fat—fluid level, and cal-
cifications. The presence of most of the above tissues is diag-
nostic of ovarian cystic teratomas in 98 % of cases. Malignant
transformation should be suspected if the size exceeds 10 cm
or if a mass with irregular borders is seen. When ruptured, the
characteristic hypoattenuating fatty fluid can be found typi-
cally below the right hemidiaphragm.

— Immature teratoma: On CT images, punctate foci of fat and

scattered calcifications are indicative of teratoma. The cystic
components contain serous fluid or more rarely sebaceous
or adipose material. The imaging appearance is typically of
a large, heterogeneous mass with fatty elements, coarse
irregular calcifications, and numerous cysts of variable
sizes. However, the spectrum of appearances ranges from a
predominantly cystic to a predominantly solid mass.
Hemorrhage may be present.

Ovarian dysgerminoma: At imaging, it appears pre-
dominantly as a solid, multilocular, and well-defined
lesion. CT is able to visualize punctate calcifications
and areas of attenuation due to necrosis or hemorrhage.
After contrast medium administration, the malignancy
shows marked enhancement, especially in the fibrovas-
cular enhancing septa, calcification may be present in a
speckled pattern.

Ovarian yolk sac tumor: The tumor typically appears
as a large mass that contains both solid and cystic
components. It may extend into the abdomen; bilateral-
ity is rare.

Ovarian choriocarcinoma: On imaging, choriocarcino-
mas appear as highly vascular solid tumors with cystic,
hemorrhagic, and necrotic areas.
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* MRI evaluation of cystic teratomas usually tends to be
reserved for difficult cases but is exquisitely sensitive to fat
components. On MR, the lesion appears oval with well-
defined margins and elevated signal in T1-weighted sequences
and low signal in fat-saturated T1-weighted images. In
T2-weighted images, the signal may be variable, although it
tends to be similar to that of subcutaneous adipose tissue. The
calcifications may not be visible on MR images or may be
identifiable as areas of low signal intensity. Enhancement is
also able to identify solid invasive components and as such
can be used to accurately locally stage malignant variants.
Extension through the tumor capsule may be present.

— Immature teratoma: On MR, the small foci of fat have
elevated signal intensity in T1-weighted images which fall
in fat-suppressed sequences. The solid component has a
wide variety of signal intensities at T2-weighted MR
imaging. It may metastasize to the peritoneum, liver, or
lung.

— Ovarian dysgerminoma: On MR, dysgerminoma appears
with low signal intensity relative to the muscle on
T1-weighted images and isointense on T2 where the fibro-
vascular septa appear hypointense to isointense and the
areas of necrosis hyperintense. Similar to CT, the septations
may show marked contrast enhancement.

— Ovarian yolk sac tumor: Their main feature on MRI is
prominent signal voids. The bright dot sign is an enhanc-
ing foci in the wall or solid components. Areas of hemor-
rhage are common. Areas of hemorrhage have high signal
intensity on T1-weighted MR images.

— Ovarian choriocarcinoma: Abnormal large signal voids
that represent vascular structures and small cystic cavities
are seen in solid components at T2-weighted MR imag-
ing, and high-signal-intensity foci, a result of hemorrhage,
may be seen in solid portions at T1l-weighted MR
imaging.
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Glomerulonephritis

Glomerulonephritis is a term used to refer to several renal
diseases. Many of the diseases are characterized by inflam-
mation either of the glomeruli or small blood vessels in the
kidneys, hence the name; but not all diseases necessarily have
an inflammatory component.

Although there are many causes of glomerular disease, most
patients present with one of two patterns, nephrotic or
nephritic, that are based upon the urine sediment and the
degree of proteinuria.

The role of CT in renal parenchymal disease is limited but may
be useful in selected cases. Non-contrast CT is useful in detect-
ing renal parenchymal calcifications. For patients with renal
parenchymal disease, contrast enhancement should be avoided
if possible. Contrast-enhanced CT scan may provide useful
information regarding the pattern of contrast enhancement and
excretion in patients with impaired renal function. Globally
absent nephrogram is due to pedicle trauma in most cases, and
segmental absence may be due to focal infarction, pyelonephri-
tis, or acute renal failure secondary to renal vasoconstriction.
Recent advances in MR imaging such as breath-holding rapid
imaging technique and renal functional MR imaging such as
dynamic contrast-enhanced study, diffusion-weighted (DW)
study, and blood oxygen level-dependent (BOLD) study
extended the role of MR imaging in the evaluation of renal
parenchymal diseases. Gadolinium-based contrast media are
used routinely for MR imaging of the kidney. Most normal
kidneys show a distinct contrast between the renal cortex and
medulla on TI-weighted images, whereas the signal
intensities of the renal cortex and medulla are similar on
T2-weighted images. Obliteration of the corticomedullary
contrast on T1-weighted spin-echo image is regarded as a



Gonadoblastoma 55

sensitive but nonspecific finding of the renal parenchymal
disease. The parenchymal enhancement pattern is more
clearly demonstrated on gradient-echo imaging than on
T1-weighted spin-echo imaging. DW and BOLD MR imag-
ing may yield information on kidney function. Both tech-
niques provide highly reproducible results in patients with
good renal function and hold promise for noninvasive
monitoring.

Gonadoblastoma

* Gonadoblastoma is a rare benign tumor that has the potential
for malignant transformation and affects a subset of patients
with an intersex disorder or disorder of sex development
(DSD). Most of these tumors are identified within the first
two decades of life.

¢ Gonadoblastoma does not demonstrate invasive behavior;
however, 50 % of the specimens demonstrate evidence of
local overgrowth by the germinal component, and approxi-
mately 10 % of these germinomas/seminomas arising within
this context have demonstrated metastases.

* Imaging studies are useful in diagnosing features of inter-
sexuality in newborns but have a limited role in the diagno-
sis of gonadoblastoma. All of these studies help to identify
patients at risk of developing gonadoblastoma in addition
to characterizing the specific intersex disorder. In patients
that present later in life, localization studies such as ultra-
sonography, CT scanning, and MRI may be useful. The
tumor appearance is similar to that of dysgerminoma,
except that in dysgerminoma arising from gonadoblastoma,
there are often calcifications (rarely found in pure
dysgerminomas).
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Hemangioma

Hemangioma is a rare mesenchymal benign tumor of the
bladder, which accounts for 0.6 % of all bladder tumors. The
most common symptom is gross, painless hematuria.

CT scans have been reported to detect diffuse thickening of
the bladder wall with multiple loci of calcification or extra-
vesical extension. CT scans were also useful in revealing a
hypervascular mass of the bladder in the present case.

MR imaging has been reported to be valuable in the diagnosis
of soft tissue hemangiomas. Hemangiomas demonstrate rela-
tively low signal intensity on T1-weighted images and an
intense signal on T2-weighted images. These MR images
reflect the content of the lesions, that is, stagnant or slowly
flowing blood. MR imaging is useful in defining the extent,
size, and location of the tumor in three dimensions. MR
imaging has been reported to be superior to CT and US in
demonstrating the extent of hemangioma.
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Hemangiopericytoma

Hemangiopericytoma (HPC) is one of the rarest renal tumors.
HPC is an unusual perivascular tumor, classified as a soft tis-
sue vascular tumor featuring the uncontrolled proliferation of
pericytes, which are cells spiralling around capillaries.

No characteristic signs of renal HPC have been described on
ultrasonography, CT, or MRI that might aid in the differential
diagnosis. These studies usually depict a large mass, which may
grow insidiously to a diameter of 25 cm, but with no pathogno-
monic features. CT may show a large heterogeneous mass, with
calcifications and areas of necrosis. These tumors may have a
characteristic pattern in the early arterial phase of angiography,
with displacement of the main arteries, presence of large vessels
encircling the tumor, and a well-demarcated tumor stain.

Hemorrhage, Renal

The most common cause of renal hemorrhage is trauma,
either blunt or penetrating. Extracorporeal shock wave litho-
tripsy for nephrolithiasis is not infrequently associated with
parenchymal and perinephric hemorrhage. Spontaneous renal
hemorrhage may be caused by anticoagulation, blood dyscra-
sias, renal infarction, polyarteritis nodosa, renal aneurysms
and arteriovenous malformations, renal cell carcinoma
(RCC), acute myeloid leukemia, renal abscess, renal vein
thrombosis, and rupture of hemorrhagic solitary cysts or of
hemorrhagic cysts in renal cystic disease. Some cases are
idiopathic. RCC is probably the most common cause of spon-
taneous subcapsular and perinephric hemorrhage.

CT is the most valuable examination in the evaluation of patients
with suspected acute renal hemorrhage because it accurately
diagnoses the presence and location of such hemorrhage and
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often shows the underlying cause. Renal hemorrhage may be
suburothelial, intraparenchymal, subcapsular, perinephric, or
pararenal in location or may involve the renal sinus. Recent
renal hemorrhage is characterized by high-attenuation blood,
which is best shown by unenhanced CT scans. Postcontrast
scans should also be obtained to facilitate identification of dis-
orders such as small neoplasms causing spontaneous renal
hemorrhage. Suburothelial hemorrhage is characterized on CT
by thickening of the wall of the renal pelvis and upper ureter by
blood that has a high-attenuation value on unenhanced scans.
Spontaneous hemorrhage into the renal sinus is characterized
by a high-density blood collection in the renal sinus with dis-
placement of the renal pelvis. On an unenhanced CT scan, a
recent subcapsular hematoma is characterized by a mass with a
higher attenuation value than that of adjacent renal parenchyma.
Pressure on the underlying renal parenchyma characteristically
causes flattening of the kidney, elevation of the renal capsule,
and medial displacement of the collecting system. However,
although subcapsular hematomas are confined to the kidney by
the renal capsule, perinephric hematomas often extend caudally
below the kidney into the cone of renal fascia.

Hernia, Inguinal

* An hernia is defined as a protrusion or projection of an organ
or a part of an organ through the body wall that normally
contains it. Collectively, inguinal and femoral hernias are
known as groin hernias.

e Inguinal hernia is more common than femoral hernia and
other abdominal wall hernias (e.g., umbilical, epigastric), but
femoral hernias present with complications more often. Groin
hernias are the third leading cause of ambulatory care visits
for gastrointestinal complaints.
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¢ Hernias are more common in men compared with women and
in whites compared with nonwhites. Indirect inguinal hernias
are the most common type of hernia in males and females.

¢ Groin hernias can broadly be classified by etiology (congeni-
tal versus acquired) and anatomical location.

¢ In the majority of cases, a diagnosis of inguinal or femoral
hernia can be made based upon history and physical exami-
nation, without the need for further studies. When the diagno-
sis is not apparent, imaging can help to identify occult hernia,
differentiate inguinal from femoral hernia, and distinguish
hernia from other clinical entities. Imaging is also important
for evaluating patients for hernia complications.

e CT of the groin region can help differentiate femoral from
inguinal hernias. Sufficiently thin slices using multidetector
CT may allow localization of the hernia sac. If the hernia sac
extends medial to the pubic tubercle on CT, a diagnosis of
inguinal hernia can be made with certainty, but an hernia sac
located lateral to the pubic tubercle associated with venous
compression suggests a diagnosis of femoral hernia.

¢ Magnetic resonance imaging (MRI) appears to differentiate
inguinal from femoral hernia with a sensitivity and specificity
of more than 95 %, which is superior to computed tomogra-
phy. However, cost and lack of uniform availability limit the
practicality of MRI.

Horseshoe Kidney

¢ Horseshoe kidney is the most common fusion anomaly,
which occurs with fusion of one pole of each kidney.

¢ The majority of patients with horseshoe kidneys are asymp-
tomatic. In these patients, the horseshoe kidney is diagnosed
serendipitously. However, some patients present with pain
and/or hematuria due to obstruction or infection.



Hydrocele 61

Hydronephrosis is reported to occur in approximately 80 %
of children with horseshoe kidneys. Renal calculi are reported
to occur in 20 % of cases. Patients with a horseshoe kidney
are at increased risk for infection. One-third to one-half of
patients with horseshoe kidneys will have another congenital
anomaly.

e CT and MR are able to fully visualize the malformed urinary
tract: in more than 90 % of cases, fusion occurs at the lower
poles; as a result, two separate excretory renal units and ure-
ters are maintained. The isthmus (fused portion) may lie over
the midline (symmetric horseshoe kidney) or lateral to the
midline (asymmetric horseshoe kidney). Depending on the
degree of fusion, the isthmus can be composed of renal paren-
chyma or a fibrous band.

Hydrocele

* A hydrocele is a collection of peritoneal fluid between the
parietal and visceral layers of the tunica vaginalis, the invest-
ing layer that directly surrounds the testis and spermatic cord.

* Hydroceles are believed to arise from an imbalance of secre-
tion and reabsorption of fluid from the tunica vaginalis.
Hydroceles range in size from small, soft collections that still
allow palpation of the scrotal contents to massive, tense col-
lections of several liters that make examination impossible.

* Symptoms of pain and disability generally increase with the
size of the mass. Inflammatory conditions of the scrotal con-
tents (epididymitis, torsion, appendiceal torsion) can produce
an acute reactive hydrocele, which often resolves with treat-
ment of the underlying condition. Hydroceles discovered in
infancy are usually “communicating,” since they are
associated with a patent processus vaginalis, which allows
flow of peritoneal fluid into the scrotal sac. They usually
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disappear in recumbent position and are often associated with
herniation of abdominal contents (indirect hernia) through
the processus vaginalis. Surgical repair is advised in these
cases.

On MRI, hydroceles are characterized by a low signal in
T1-weighted images and a high signal in T2-weighted
images. This reflects the content of the hydrocele, that is,
simple fluid.

Hydronephrosis

Hydronephrosis, a direct consequence of urinary tract
obstruction (UTO), is a relatively common problem. The
obstruction to urinary flow may be acute or chronic, partial or
complete, and unilateral or bilateral and may occur at any site
in the urinary tract.

The major causes of UTO vary with the age of the patient.
Anatomic abnormalities (including urethral valves or stric-
ture and stenosis at the ureterovesical or ureteropelvic junc-
tion) account for the majority of cases in children. In
comparison, calculi are most common in young adults, while
prostatic hypertrophy or carcinoma, retroperitoneal or pelvic
neoplasms, and calculi are the primary causes in older
patients.

The clinical manifestations of UTO vary with the site, degree,
and rapidity of onset of the obstruction. Pain is frequently
present, due to distention of the bladder, collecting system, or
renal capsule; patients with complete or severe partial bilat-
eral obstruction also may develop acute or chronic renal fail-
ure; urinary findings are generally nondiagnostic with the
only possible exception of anuria; hypertension is occasionally
induced by UTO.
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» Early diagnosis of UTO is important, since most cases can be
corrected and a delay in therapy can lead to irreversible renal
injury.

¢ CT scanning should be performed if the ultrasound results are
equivocal or the kidneys cannot be well visualized or if the
cause of the obstruction cannot be identified. The combina-
tion of a plain film of the abdomen (including tomographic
cuts to detect radiopaque calculi), ultrasonography, and, if
necessary, CT scanning will be adequate for diagnostic pur-
poses in over 90 % of cases.

* Diffusion-weighted MR imaging may allow noninvasive
detection of changes in renal perfusion and diffusion that
occur during acute ureteral obstruction. The advantage of this
method is that it does not require the use of contrast agents.
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Incontinence

Urinary incontinence is more common in women, and it is
related to pelvic organ prolapse and other pelvic floor abnor-
malities. It is commonly divided into three subtypes: stress,
urge, and mixed.

MRI is acquiring a primary role in evaluating stress inconti-
nence. Sagittal T2-weighted MRI identifies a cystocele as a
posteriorly bulging bladder into the vagina. Ultrafast, large-
field-of-view, T2-weighted sequences such as single-shot fast
spin echo (SSFSE, GE Healthcare scanners) or half-Fourier
acquisition turbo spin echo (HASTE, Siemens Medical
Solutions scanners) are usually performed for a detailed
dynamic pelvic floor visualization during straining; alterna-
tively, true fast imaging in steady-state precession may be
performed. Stress incontinence is associated with a greater
vesicourethral angle and a larger retropubic space than found
in continent women.

Inmen, incontinence is generally due to sphincter dysfunction,
such as scarring or decreased contractions, after prostatec-
tomy; these findings are evaluated with endourethral US.
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Infarction, Bladder

* Bladder overdistention can lead to ischemia and eventually to
gangrene. It can also be secondary to a strangulated bladder
in an inguinal hernia, generally in association with herniation
of bowel loops and fat tissue.

e CT: Bladder overdistention is often an incidental finding,
especially in unconscious patients. Dome of bladder may
extend above the level of the umbilicus.

Infarction, Renal

It is more often secondary to sudden occlusion of renal artery
supply, but it can also be secondary to vessel compression by
extrinsic tumors, artery thrombosis, emboli, vasculitides, and
venous occlusions. One result of renal ischemia is renovascu-
lar hypertension, but in some patients, ischemia manifests
primarily as renal failure (also called ischemic
nephropathy).

¢ CT: Contrast-enhanced CT is the best imaging tool. A focal
infarction appears as a wedge-shaped region of decreased or
absent contrast enhancement with sharply defined margins,
most often extending to the capsule (Fig. 3a, b). Postcontrast
CT of a total infarct shows a hypodense, nonfunctioning kid-
ney; prominent capsular collaterals, called the cortical rim
sign, often lead to surrounding vascular enhancement. If the
infarction is chronic, it shows a small kidney with smooth or
irregular contour, with no cortical rim sign.

e MRI: A focal infarction appears as a wedge-shaped region
with low signal intensity both on T1 and T2; after contrast
administration, it shows as a sharply demarcated, nonen-
hanced tissue. The cortical rim sign can be appreciated; how-
ever, this is only seen in around 50 % of the cases.
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Fig.3 (a, b) Coronal and axial CT images showing a wedge-shaped region
of decreased contrast enhancement with sharply defined margins, extend-
ing to the capsule on the medial aspect of a transplanted pelvic kidney,
consistent with renal infarction

Infarction, Testis

e It may result from torsion or trauma, but testicular infarction,
although rare, has been also reported as a potential serious
complication of a severe or unresolving epididymitis.

e US is the imaging modality of choice; it shows a focal
hypoechoic and avascular area on color Doppler.
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Juxtaglomerular Cell Tumor

e It is a very rare benign renin-secreting tumor of the kidney,
and it can be an unusual cause of secondary hypertension.
This tumor is typically found in young adults (with a peak
incidence in the second and third decades), and it is reported
in children only occasionally. The patients usually present
with hypertension, hyperaldosteronism, and hypokalemia,
secondary to tumor renin secretion. An occasional inciden-
tally discovered reninoma is nonfunctioning.

e CT: Most juxtaglomerular cell tumors are visible on CT
imaging. On unenhanced CT, it usually appears as a unilat-
eral well-circumscribed hypoattenuating cortical mass; most
lesions are smaller than 2-3 cm in diameter. At multiphase
CT, the tumors are not enhanced in the arterial phase despite
the profuse vascularity, possibly because of renin-induced
vasoconstriction. The tumors show moderate enhancement
during the delayed phase.

* MRI is a powerful diagnostic procedure. At MRI, JCT may
appear as a cortical renal mass of variable signal intensitys; it
appears as an iso-signal intensity cortical lesion on
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T1-weighted images and a high-signal-intensity lesion on
T2-weighted images. It shows a delayed peripheral
enhancement on dynamic contrast-enhanced MRI.
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Kidney, Ureter, Bladder Plain Film

* KUB can be diagnostic of urinary stones, since 90 % are radi-
opaque. It is necessary for the follow-up of stone passage or
for lithotripsy planning and survey. It can miss small stones,
radiolucent urate stones, or stones overlying bone.

e Sometimes phleboliths, vascular calcifications, calcified
lymph nodes, appendicoliths, granulomas, various calcified
masses, and even bowel contents can be confused with uri-
nary tract stones. KUB taken prior to conventional contrast
studies is necessary for their detection.

Kidney Fusion Anomalies

* Congenital variations and malformations of the kidneys that
have embryological reasons and lead to fusion of two kid-
neys, usually at the lower pole, that then form a joined organ
in atypical position and rotation, and thus may be accompa-
nied by urinary tract diversion or obstruction. Typical exam-
ples are the cross fused or horseshoe kidney.
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Leiomyomatous Tumors, Uterus

e Uterine leiomyoma (uterine fibroid) is a benign tumor of
myometrial (smooth muscle) origin; it is the most common
solid benign uterine neoplasm. Its prevalence increases with
age and it is more common in black than in white women. It
can be solitary or multiple, with different locations within the
uterus: intramural (most common), subserosal, and submuco-
sal, some even being pedunculated.

* CT: CT imaging is not the investigation of choice for the charac-
terization of pelvic masses. Uterine fibroids are often an inciden-
tal finding on CT scans performed for other reasons. The typical
finding is an enlarged and irregular uterus or a mass in continuity
with the uterus. 4 % of fibroids contain calcifications. Most myo-
mas enhance with contrast similar to normal myometrium.

* MRI: MRI is the preferred method for accurately character-
izing and localizing pelvic masses. Nondegenerated leiomyo-
mas appear isointense to hypointense on T1-weighted images
and hypointense on T2-weighted images. The routine use of
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gadolinium has been shown not to contribute to either fibroid
detection or characterization.

Leiomyomatosis

 Diffuse leyomiomatosis is a rare condition that consists of dif-
fuse involvement of the myometrium by innumerable small
fibroids, which results in symmetrical enlargement of the uterus.

¢ Although it is a completely benign condition, there may be
dissemination through the peritoneal cavity or occasionally
metastases to distant organs.

Leiomyosarcoma, Uterus

e It is a rare malignant tumor, composed entirely of smooth
muscle. It accounts for one-third of uterine sarcomas. It may
arise in a previously existing benign leiomyoma (sarcomatous
transformation) or independently from the smooth muscle
cells of the myometrium. Rapid growth and extensive metas-
tasis are frequently encountered with leiomyosarcomas.

¢ CT: Leiomyosarcoma appear as either a massive uterine enlarge-
ment with multiple sarcomatous nodules and irregular central
zones of low attenuation, suggesting extensive necrosis and hem-
orrhage or extensive invasion. Calcifications may be present.

¢ MRI: Although it has been suggested that an irregular margin
of a uterine leiomyoma at MR imaging and a heterogeneous
MRI signal are suggestive of sarcomatous transformation, the
specificity of these findings has not been established yet. MR
imaging findings are variable and include a lobulated mass of
high signal intensity on T2-weighted images, a sharply mar-
ginated mass of low signal intensity that closely resembles a
leiomyoma, or a mass with focally infiltrative margins.
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Lipoleiomyomas

* Lipoleiomyomas are rare fat-containing fibroids.

* MRI: they typically show high signal intensity on T1 and low
signal intensity on T2-weighted images. Fat-suppression
techniques are helpful to confirm the presence of fat.

Lymphangiomyomatosis, Renal

e It consists in a lymphatic developmental malformation,
resulting in cystic mass perirenal, peripelvic, and intrarenal
regions. The lesions may be unilateral or bilateral and diffuse
or focal. It is characterized by cortical dilated endothelial-
lined spaces, without glomerular or tubular abnormalities.

e CT: The lesion appears as a subcapsular hypodense mass
with fluid density; it has the appearance of a uni- or multi-
locular cystic lesion with or without associated peripheral or
septal enhancement.

*  MRI: Variable signal intensity on T1-weighted images, but usu-
ally low signal; high signal intensity on T1-weighted images is
seen when the cyst contains proteinaceous material. The cysts
have in general high signal intensity on T2-weighted images.

Lymphocele

» It consists in an accumulation of lymph in a cystic structure,
with a history of lymph node dissection. A perirenal lympho-
cele refers to an abnormal encapsulated collection of lymph
within the pelvis; it can potentially occur after renal transplant.

e CT: round, hypoattenuating collection, with water density.
It may be bilateral.
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Lymphoma/L.eukemia, Renal

e Primary renal lymphoma is rare; the kidney is commonly
involved by metastatic lymphoma or by direct invasion.
Involvement with non-Hodgkin’s lymphoma is considerably
more common than Hodgkin’s lymphoma.

* CT: Renal lymphoma has a wide variety of CT appearances.
Typical findings include multiple renal masses, solitary
masses, invasion from contiguous retroperitoneal lymphoma,
perirenal disease, and diffuse renal infiltration, usually bilat-
eral. Masses are usually homogenous and poorly enhancing.

¢ MRI: On T1- and T2-weighted images, lymphoma is isoin-
tense or slightly hypointense to renal parenchyma; postcon-
trast it shows minimal heterogeneous enhancement.
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Mesoblastic Nephroma

e Mesoblastic nephroma is the most common renal tumor
identified in the neonatal period and the most frequent benign
renal tumor in childhood. Solid, homogeneous, usually large
tumor that could mimic a Wilms’ tumor. Hemorrhage and
necrosis develop in the aggressive and malignant variants,
although cystic degeneration is not common.

e Adult mesoblastic nephroma differs from the pediatric one,
standing as a different disease, could also mimic other tumors
such as cystic hamartomas and adrenal tumors.

» The signal intensity characteristics are similar to those of the
normal renal parenchyma. The lesion appears isointense to
the kidney on T1-weighted images. The signal is lower than
that of the surrounding fat and higher than that of the renal
medulla. The mass shows increased signal on T2-weighted
images. Contrast-enhanced MRIs show no or minimal con-
trast enhancement in the mass.
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Megaureter

The term megaureter may refer to two conditions: first one, it
represents a sequela of uncorrected massive chronic reflux
and can also affect the bladder, whereas the second one is a
congenital condition (the width exceeds 10 mm).

The condition is more often detected in children than adults
and is more common on the left side.

US findings show a massive dilation, consisting in an anechoic
signal flanked above and below by two hyper/isoechogenic
strips which represent the ureter stretched walls.

CT/MRI well assesses this anomaly. CT without contrast
agent shows an enlarged lumen of the ureter.

CT urography protocol allows to assess a hyperdense signal
originating from the lumen itself, caused by the stagnation of
contrast agent.

MRI findings are similar to CT, except that on heavily
T2-weighted sequences it could be possible to evaluate lumen
swelling thanks to fluid stasis which gives back a strong
hyperintense signal, so no contrast could be required.

Metastases to Kidney

Metastases to the kidneys are common, with multiple foci
and bilateral involvement typical.

Usual metastases to kidney involved melanoma, thyroid car-
cinoma, liver, colon, lung and breast cancer, and ovarian
carcinoma.

Renal metastases have a CT, US, and MRI appearance similar
to that of renal cell carcinoma or lymphoma.

CT findings reveal that metastases are hypodense and inho-
mogeneous on unenhanced CT, whereas contrast-enhanced
CT reveals most to have inhomogeneous enhancement. Most
enhance less than normal renal parenchyma. Metastatic
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thyroid carcinomas, on the other hand, tend to be hyperdense
and have variable contrast enhancement. Renal vein invasion
is rare with metastatic disease.

Multicystic Dysplastic Kidney

* Multicystic dysplastic kidney (MCDK) or multicystic dyspla-
sia is a condition, which occurs during the fetal life, consisting
in an anomaly of kidney development. It is a form of renal
dysplasia that is secondary to altered metanephric differentia-
tion during embryogenesis. The kidney itself consists of irreg-
ular cysts of varying sizes and has no function. This condition
could be only unilateral because complete bilateral involve-
ment is incompatible with life. Depending on the extent of
involvement, dysplasia is limited to the infundibula, renal pel-
vis, and proximal ureter, or it involves a kidney to the point that
dilated calyces appear as intrarenal cysts. Segmental multicys-
tic dysplasia occurs in a setting of a duplex collecting system.

* A multicystic dysplastic kidney is commonly associated with
vesicoureteral reflux in the contralateral kidney and with a
posterior location of the urethral valves.

» Ultrasound is the imaging modality of choice.

e MRI with T2 sequences imaging clearly shows the altered
structure of the kidney.

e CTis not recommended since almost all exams are performed
on pediatric population.

Malacoplakia of Kidney

e Malacoplakia is a rare, inflammatory process related to an
abnormal host response to chronic infection (chronic tubuloint-
erstitial nephritis) characterized by round intra and extracellular
inclusion bodies (the eponymic Michaelis—Gutmann bodies).
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Malacoplakia most commonly manifests as a mucosal mass
involving the bladder or ureter, the most frequent renal find-
ing is obstruction secondary to a lesion in the lower tract. In
approximately 15 % of reported cases, the kidney is identified
as the primary site of disease.

CT: The lesions appear with minimal enhancement on the
contrast-enhanced CT and stand out against the vascular
blush of the normal renal cortex. The classic appearance is an
enlarged kidney with multiple hypovascular masses.

MRI: Low signal intensity on both T1- and T2-weighted images
and delayed enhancement of the fibrous stroma is noticed.

Medullary Carcinoma of Kidney

Renal medullary carcinoma is a rare collecting duct and a
highly aggressive neoplasm that almost always develops in
teenagers and young adults with sickle cell trait or hemoglo-
bin SC disease.

At imaging, these tumors appear as ill-defined, infiltrative
masses that arise in the renal medulla and invade the renal
sinus; occasionally, a necrotic tumor communicates with the
collecting system.

The lesion is hypointense on T2-weighted images. They
show heterogeneous contrast enhancement, presumably due
to necrosis.

Venous invasion and nodal metastases are common.

Multilocular Cystic Tumor of Kidney

¢ Multilocular cystic tumor of kidney is represented by two

entities (Multilocular Cystic Nephroma/Cystic Partially
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Differentiated Nephroblastoma); the first one occur in adults,
whereas the latter in pediatric patients. Their architecture
consists of a mixture of epithelial and mesenchymal compo-
nents. Imaging detects both of these cystic tumors but cannot
differentiate between them. Their appearance is similar to
other cystic tumors. They occur unilaterally.

¢ CT reveals multilocular cystic nephromas to be homogeneous,
multicystic tumors containing thin septa without a solid com-
ponent; for some reason a lower pole location predominates.
The cystic component does not enhance with contrast.

* MR imaging of a multilocular cystic nephroma reveals a
complex solitary renal cystic tumor often protruding into the
renal collecting system and containing thin septa, with the
cystic component varying from hypo- to hyperintense on
T1-weighted images. Any solid component and septa enhance
postcontrast in all cases.

Multidetector CT of Kidney

e Multidetector CT allows imaging during specific contrast
opacification phases. MDCT urography with a two-phase
(unenhanced and combined nephrographic and excretory
phase) split-bolus technique and oral hydration is advised.
Using a split-bolus technique, both a nephrogenic and excre-
tory phases can be obtained with one scan, although such a
protocol tends not to visualize all of the ureters completely.

* Renal opacification can be divided into three phases: first is
an early vascular or bolus phase, then a nephrogram phase
(consisting of a nephrogram), followed by a pyelogram or
equilibrium (delayed) phase. A corticomedullary phase, pro-
viding maximum differentiation between renal cortex and
medulla, occurs during the early phase. Both neoplasms and
normal renal parenchyma enhance significantly more during
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the nephrogram phase than during the corticomedullary
phase. In general, more tumors <3 cm in diameter are detected
on the nephrogram phase than on the corticomedullary phase.

¢ Corticomedullary phase is useful for detection of such condi-
tions as an aneurysm, arteriovenous malformation, or fistula,
and in evaluating tumor vascularity. Renal tumors tend to be
detected with greater confidence on delayed images than on
early-phase images.

¢ Three-dimensional CT imaging techniques are useful both in
evaluating suspected tumors.

MRI of Kidney

¢ MRIisused in a setting of contrast allergy or renal failure and
for studying some complex masses. It is also useful in evalu-
ating venous thrombosis in a setting of renal carcinoma.

¢ MRI evaluates renovascular disease, assesses renal function,
detects renal tumors, and identifies urinary tract abnormali-
ties, all without radiation exposure.

¢ Magnetic resonance signal intensity normally decreases in
the pyelocaliceal phase due to contrast agent concentration.
When searching for small renal tumors, use of a body phased-
array coil in combination with fast low-angle shot (FLASH)
and fat suppression pre- and postcontrast thin section MR
allow imaging in single breathholds. Sagittal and coronal
plane images improve evaluation. Both T1- and T2-weighted
sequences are useful with contrast-enhanced MRI to evaluate
renal blood flow and renal function. During the early phase, a
renal cortex signal increase in T1-weighted sequences is
matched by a similar signal decrease in T2-weighted
sequences; during later phases, however, T2-weighted
sequence signal intensity in the medulla decreases markedly.
Thus, renal cortical blood flow can be evaluated with either



Suggested Reading 83

sequence, but T2-weighted sequences appear more useful in
evaluating renal medulla. Presumably increased amounts of
contrast in renal tubules account for the medullary decreased
signal intensity during later phase T2-weighted sequences.
Serial dynamic MR-gradient echo imaging using a low con-
trast dose can be used to obtain an intensity—time curve, simi-
lar to radionuclide renography.

* A relative disadvantage in certain renal applications is its
poor sensitivity in detecting calcifications.

Medullary Sponge Kidney

e Medullary sponge kidney (i.e., Lenarduzzi—Cacchi—Ricci
disease) is a congenital developmental abnormality charac-
terized by ectasia and cystic dilatation of the intrapyramidal
or intrapapillary portions of the renal medullary collecting
ducts. Among patients with calcific kidney stones, 12-20 %
have medullary sponge kidney.

e In general this disease is asymptomatic. Symptoms which
can be observed in patients are hematuria, renal colic, fever,
and dysuria.

e Ultrasound: An echogenic appearance of the medullary pyra-
mids is characteristic of medullary sponge kidney.

e CT: CT urography may show a characteristic papillary blush
and associated calculi within the dilated collecting ducts.
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Nephrogenic rests. See ‘Nephroblastomatosis in Collecting
Duct Carcinoma’.

Nephrolithiasis in ureteral calculi. See ‘Ureter,
Obstruction of”’.

Nephroma Mesoblastic, Congenital

* Congenital mesoblastic nephroma, or congenital fetal renal
hamartoma, occurs almost exclusively in the first year of life
and it is the most common solid renal tumor in the newborn.

* Most patients present with a palpable abdominal mass.
Hematuria, hypercalcemia, abdominal pain, and hyperten-
sion also occur. It has in general a benign course.

e CT: The tumor appears as a nonenhancing low-attenuation
mass within which scattered islands of enhancing residual
normal parenchyma.

*  MRI: Mostcommon finding on MR imaging are homogeneously
low signal intensities on T1-weighted sequences and homoge-
neously low signal intensities on T2-weighted sequences.
Infrequently, areas of necrosis and hemorrhage are seen.

V. Panebianco, J.J. Fiitterer, MDCT and MRI in Genitourinary Imaging, 85
A-Z Notes in Radiological Practice and Reporting,
DOI 10.1007/978-88-470-5705-0_14, © Springer-Verlag Italia 2015



86 N

Nephrostomy, Percutaneous

* Percutaneous nephrostomy is a procedure used mainly in the
decompression of the renal collecting system. When the
obstructed system becomes infected, and antibiotics are
unable to penetrate the kidney and if the purulent material
cannot be drained, percutaneous nephrostomy is a resolutive
treatment because it allows decompression of the obstructed
system, permits specimen collection, and creates a route for
antibiotic instillation if needed.

* The indication for CT guidance is limited because most neph-
rostomies can be performed easily using either fluoroscopic
or ultrasound guidance. The indications for which CT guid-
ance may be used are renal transplants, unilateral kidney,
high-risk patients, or a kidney with a urinoma associated with
hydronephrosis.

*  When the nephrostomy is performed under CT guidance, sev-
eral technical maneuvers are important. Once the collecting
system has been penetrated, a small sample of fluid should be
aspirated for culture and then a small amount of contrast
material should be immediately injected. This permits direct
visualization under fluoroscopy when the catheter is being
inserted.
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Oncocytoma, Renal

* Oncocytoma is the second most common benign renal neo-
plasm after angiomyolipoma. It accounts for 3—7 % of solid
renal masses. They appear to originate from the cortical part
of collecting tubules. These tumors are often detected inci-
dentally in asymptomatic individuals; some are multiple,
bilateral, or metachronous in a minority of cases. In rare
cases, presenting as hundreds of nodules scattered through-
out both kidneys.

e CT: they are solid, well-marginated, homogeneous, and often
large tumors. Cystic changes and calcifications are rare. They
have no specific imaging features (such as MRI), in fact
imaging cannot differentiate it from a malignant renal mass,
unlike which, hemorrhage and necrosis are not common.
Oncocytomas tend to contain a central stellate scar that mim-
ics the necrosis seen in a renal cell carcinoma.

* MRI: The MR appearance is variable and nonspecific. They
are hypointense on T1-weighted MR images (70 % of the
cases) but vary in signal intensity on T2-weighted images
(67 % high signal intensity), often with a well-defined
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Fig. 4 (a, b) Oncocytoma in a 40-year-old woman. T2-weighted imaging
and delayed contrast-enhanced T1-weighted images, showing a large,
round-shaped, well-definied, mass with heterogeneous signal intensity and
a central cleft. Oncocytoma was confirmed at histopathology analysis per-
formed after nefrectomy

capsule. The central scar (when present) can be seen as a
stellate area of low signal intensity on T1-weighted images
and high signal intensity on T2-weighted images; Fig. 4a, b.
Postcontrast MR imaging reveals, in a minority of oncocyto-
mas, a “spoke-wheel” enhancement pattern. However, this is
a nonspecific sign, because a similar vascular arrangement
has been described with renal cell carcinoma.

Orchidopexy

Orchidopexy is the most succesful surgical treatment of
cryptorchidism that is characterized by the failure of descent
of one or both testicles in the scrotum. Surgical intervention
is aimed at positioning and fixing of one or both testicles. The
undescended testes is associated with a greater incidence of
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neoplasia at this level since the retention leads to degenerative
phenomena of the gonad with arrest of spermatogenesis. This
procedure should be performed after the twelfth month of
life, the period during which the testicle could still end his
physiological descent into the scrotum.

* Several complications may occur including testicular retrac-
tion, atrophy or infarction, hematoma formation, ilio-inguinal
nerve injuring, postoperative torsion, and damage to the vas
deference.

* MR imaging can be used in case ultrasound is inconclusive.
Anatomical T1- and T2-weighted imaging can be applied for
scrotal and pelvic evaluation. The testis is high signal inten-
sity on T2 and intermediate signal intensity on T1.

Orchitis

* Most episodes of orchitis result from extensions of acute epi-
didymitis. In isolated orchitis, a viral infection, such as mumps,
should be suspected. Causative agent in adolescent and men
younger than 35 years are usually considered as Chlamydia
trachomatis and Neisseria gonorrhoeae. Less common causes
of epididymitis and orchitis include Granulomatous conditions
such as Tuberculosis, Sarcoidosis, and Brucellosis and chemi-
cal epididymitis in reflux of sterile urine, amiodarone therapy,
or prostate brachytherapy. In children less than 2 years of age,
a predisposing condition is usually identified, such as imperfo-
rated anus, ureteral ectopia to seminal vesicles, bladder exstro-
phy, and posterior urethral valves.

* Complications of epididymo-orchitis are abscess formation,
pyocele, infarct, gangrene, infertility, atrophy and chronic
pain.

e MRI: In epididymo-orchitis, the testis and epididymis have
heterogeneous low signal intensities on T2-weighted images.
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The epididymis will be enlarged and hyperenhancing with
contrast on T1-weighted studies. The testis may show inho-
mogeneous enhancement with hypointense bands.

Ovarian, Functional Cyst

e Ovarian cysts are seen in all age groups, and many of them
are functional cysts. Functional ovarian cysts include follicu-
lar cyst and corpus luteal cyst. Follicular cysts results from a
failure of the follicle to rupture and corpus luteum cysts
derive from hemorrhage in corpus luteum. Simple cysts have
in general a size less than 3 mm. Unilocular cysts have a
diameter less than 3 cm. Corpus luteal cysts may be larger
and tend to be more symptomatic than follicular cysts.
Functional cysts may spontaneously regress over time, usu-
ally within two menstrual cycles, and they should be moni-
tored by follow-up US at 6-8 weeks.

MRI: Most ovarian cysts show a thin wall, with a very high sig-
nal intensity on T2-weighted images and intermediate to low
signal intensity on T1-weighted images because of simple fluid
content. Similar imaging characteristics may be seen in benign
ovarian cystic tumors. The most helpful feature in distinguishing
functional cysts from ovarian neoplasms is the presence of papil-
lary projections and nodular septa in the latter. Larger simple
cysts cannot be differentiated from unilocular cystadenoma, but
if the cyst is more than 10 cm, a tumorous condition should be
considered. The most helpful feature in distinguishing functional
cysts from ovarian cystic tumors is the presence of papillary
projections and nodular septa in the latter. Corpus luteal cysts
have thicker walls than follicular cysts and avid enhancement,
due to the thick luteinized cell layer that lines the interior of the
cyst. Corpus luteum cysts do not demonstrate the profound T2
shortening that is seen with many endometriomas (T2-shading).
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Ovarian Mature Cystic Teratoma

* Teratoma, also known as dermoid cyst, is the most common
ovarian neoplasm in woman under 45 years of age. “Mature”
means benign, as opposed to the immature, malignant tera-
toma. Ovarian teratomas derive from germ cells and are clas-
sified into three main categories, among which the mature
cystic teratoma account for 99 %. Less common types of
mature teratomas are the monodermal teratomas, which
include the struma ovarii and carcinoid tumors.

e They are slow-growing tumors and most tend to be asymp-
tomatic. Therefore, they are discovered incidentally at imag-
ing. The most commonly associated complication is ovarian
torsion; in fact, even though benign, they are often resected;
other complications are infection, rupture and, rarely, hemo-
lytic anemia. Malignant transformation can occur but is also
rare.

* Up to 90 %, they are unilocular and their diameter is smaller
than 10 cm. The cystic component is fluid fat, produced by
sebaceous glands in cyst lining, and the presence of fat is
diagnostic. Up to 60 % may contain calcifications.

e The inner lining of every mature cystic teratoma contains
single or multiple white shiny masses projecting from the
wall toward the center of the cysts. When hair, other der-
mal appendages, bone, and teeth are present, they usually
arise from this protuberance known as the Rokitansky
protuberance that is a common site of malignant
transformation.

* CT images demonstrate fat, fat fluid level, sebum-rich fluid in
the cyst cavity, calcification (sometimes tooth) may present
or not present in the wall, Rokitansky protuberance (adipose
tissue) and tufts of hair. Whenever the size exceeds 10 cm or
soft tissue plugs and cauliflower appearance with irregular
borders is seen, malignant transformation should be sus-
pected; Fig. 5.



Fig. 5 (a) Mature teratoma in a 28-year-old woman. Coronal image of a
contrast-enhanced CT scan shows a large cystic tumor with fat and multiple
toothlike calcification. (b) Axial image of the same CT

MRI: On T1-weighted images, the lipid-laden cyst fluids are
hyperintense, while calcifications and fibrosis are hypointense.
The fatty regions demonstrate intermediate signal intensity on
T2-weighted images; Fig. 6.

Ovarian Cystadenoma

e Ovarian cystadenoma is one of the most common benign
ovarian tumors in the reproductive age and this frequency
tends to increase with age. There are two different types that
differ in pathology, prognosis, and disease: serous and muci-
nous cystadenoma.

e Both are thin-walled unilocular or multilocular cystic
lesions filled with water-like or higher proteinaceous



Ovarian Cystadenoma 93

Fig. 6 Mucinous cystadenocarcinoma of right ovarian in a 61-year-old
woman. Coronal image of a contrast-enhanced CT scan shows a large mul-
tilocular cystic tumor with some thick, enhancing septations and mural
nodules. The locules are of different attenuation, consistent with varying
protein content

contents. At imaging a serous cystadenoma is most often
unilocular and anechoic on ultrasound, and may look like a
simple cyst. Mucinous cyst adenomas tend to be filled with
sticky gelatinous fluid and are typically multilocular with
different contents of the loculi, separated by thin septations
and tend to be larger than serous cyst adenomas (mean size
of 10 cm). The finding of papillary projections should raise
the suspicion of a possible borderline malignancy or a
cystadenocarcinoma.

* CT: Cystadenomas are well-circumscribed cystic tumors,
with regular and thin (<3 mm) wall and internal septations,
that show enhancement.
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MRI: The cystic loculi of serous cystadenomas tend to be low
in signal on T1 and high on T2-weighted images because of
simple fluid content. The content of the different loculi of
mucous cystadenoma varies from watery to proteinaceous to
hemorrhagic, in fact have various signal intensities; the sticky
gelatinous contents or mucin display intensity higher than
water on T2 and lower on T2-weighted images relative to
serous fluid.

Ovarian Cystadenofibroma

Ovarian cystadenofibroma is an uncommon benign epithelial
ovarian tumor (1.7 % of ovarian tumors) that displays as cys-
tic tumors with a variable amounts of fibrous stroma.

The imaging features are nonspecific and vary from purely
cystic to a complex cystic tumor with one or more solid
components.

MRI: typically appear as multilocular cystic masses with a
solid fibrotic component of low signal intensity on
T2-weighted images or cystic wall thickening with a low sig-
nal intensity on T2-weighted images without any definite
solid component.

Ovarian Carcinoma

Ovarian cancer is the fifth most common cancer in women
and is the leading cause of death from gynecological cancer.
The prevalence increases with age, and the peak is reached in
the VI-VII decade of life. Tumors arising from the surface
epithelium account for 90 % of ovarian cancers and are
pathologically designated as serous, mucinous, clear cell,
endometrioid, or Brenner (transitional) tumors based on the
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cell type. Each histologic type is further classified as benign,
borderline malignant (tumors of low malignant potential), or
malignant, reflecting differences in clinical behavior.

* Onset of symptoms is insidious, in fact 75 % of patients pres-
ent with advanced (Stage III or IV) disease. Early symptoms
are often vague, such as abdominal discomfort, abdominal
distension, or bloating, urinary frequency or dyspepsia. It
most commonly presents with a pelvic or abdominal mass
that may be associated with pain. Often associated with asci-
tes and metastasises to pelvic and periaortic lymph nodes, as
well as over the pelvic and abdominal peritoneum.

e Serous cystadenocarcinoma is the most common malignant
epithelial tumor cell type, accounting for more than half of epi-
thelial tumors: appears as a multiloculated cystic lesion in con-
tent serous or hemorrhagic cloudy or intracystic vegetation.

* CT: Imaging findings that are suggestive of malignant tumors
include: a thick, irregular wall, thick septa, papillary projec-
tions and a large soft-tissue component with necrosis; see
Fig. 6. Ancillary findings of pelvic organ invasion, implants
(peritoneal, omental, and mesenteric), ascites, and adenopa-
thy increase diagnostic confidence for malignancy.

e MRI: The cystic loculi tend to be low in signal on T1 and
high on T2-weighted images because of simple fluid content.
The content of the different loculi varies from watery to pro-
teinaceous to hemorrhagic, in fact have various signal inten-
sities; the solid components have intermediate signal on
T1-weighted images and variable on T2-weighted images
and post-MR contrast show enhancement.

Ovarian Metastases

* Tumors may metastasize to the ovary by direct extension and
through lymphatic, hematogenous, or transperitoneal spreads.
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Metastases to the ovaries account for 10 % of ovarian cancer.
The most common primary tumors to involve the ovaries are
gastrointestinal carcinoma and (in decreasing order of fre-
quency) pancreatic, breast, and uterine carcinomas. The term
“Krukenberg tumor” is reserved for metastases to the ovaries
in which malignant signet ring cells invade an abundant and
hypercellular stroma.

CT: The tumors are usually solid, but cystic areas are com-
mon. Ovarian metastases from colon cancer tend to be unilat-
eral and cystic so can be difficult differentiate them from
primary ovarian cancer.

MRI: The following features are suggestive: bilateral, predom-
inantly solid masses, hypointense solid areas on T2-weighted
images, and strong wall enhancement on contrast-enhanced
study.

Ovarian Leydig Cell Tumor

Leydig cell tumors are very rare ovarian neoplasms (less than
0.5 % of all ovarian tumors), belong to the group of steroid
cell tumors. They are usually benign and predominantly seen
in postmenopausal women. These lesions contain Leydig
cells, lutein cells, and adrenocortical cells in various amounts
together with a fibrous stroma and are often associated with a
virilization syndrome.

MRI shows small (<3 c¢cm) and unilateral solid masses.
The signal on T2 sequence is variable, depending on the
extent of fibrous stroma and the lipid components appear
as areas of elevated signal on T1- and T2-weighted
images. Intense enhancement of the nonfibrotic portions
after intravenous administration of gadolinium is usually
displayed.
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Ovarian Vein Thrombosis

e Ovarian vein thrombosis is an uncommon disorder that may
be associated with a variety of inflammatory and malignant
conditions. Clinical signs and symptoms are often nonspe-
cific, but prompt recognition and appropriate therapy is essen-
tial. Typically, it presents in the setting of postpartum sepsis.

* Untreated, the condition can result in complications such as
extension into the inferior vena cava, involvement of the renal
veins, or pulmonary embolism.

e CT or MRI may be used to demonstrate the thrombosed
veins. Sonography, however, has relatively poor detection
rates for OVT, because it may not show the entire length of
the vein in most cases secondary to body habitus and overly-
ing bowel gas.

e CT: The thrombosed ovarian vein is visualized as a dilated
tubular retroperitoneal structure that contains central low
attenuation areas that represent the actual thrombus.
Secondary signs associated with OVT are an enlarged uterus
that contains fluid and inhomogeneously enhancing parauter-
ine mass believed to be secondary to accompanying pelvic
thrombophlebitis.

¢ MRI can differentiate between acute and subacute thrombus;
generally, the ovarian vein clot is subacute (between 1 week
and 1 month), with shortened T1 and prolonged T2 relaxation
time and, therefore, is hyperintense on both weightings. Time
of flight sequence or contrast-enhanced magnetic resonance
venography shows thrombus as filling defects.
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Pelvic Inflammatory Disease

Pelvic inflammatory disease (PID) is a common condition
among women of reproductive age and is usually caused by
infection ascending from the endocervix through the uterine
cavity.

Patients usually present with a myriad of nonspecific symp-
toms, including fever, abdominal or pelvic pain, vaginal dis-
charge, uterine bleeding, dyspareunia, dysuria, adnexal or
cervical tenderness, nausea, vomiting, and other vague con-
stitutional symptoms. Laparoscopy, which allows direct visu-
alization of purulent exudates and edema of the pelvic
structures, has long been the standard of reference in the
diagnosis of PID, but it requires general anesthesia and is an
expensive and invasive procedure.

CT: CT findings are typically subtle early in the course of
PID. Mild pelvic edema that results in thickening of the utero-
sacral ligaments and haziness of the pelvic fat with obscura-
tion of the pelvic fascial planes are seen in the initial phase.
Later in the course of PID, the fallopian tubes exhibit an even
greater degree of wall thickening and enhancement and fill

V. Panebianco, J.J. Fiitterer, MDCT and MRI in Genitourinary Imaging, 99
A-Z Notes in Radiological Practice and Reporting,
DOI 10.1007/978-88-470-5705-0_16, © Springer-Verlag Italia 2015



100 P

with complex fluid, findings that usually indicate pyosalpinx.
The abscess manifests as bilateral thick-walled, fluid-filled
adnexal masses. The abscess wall and adjacent soft tissue
inflammation enhance intensely. Internal gas bubbles, which
are unusual, are the most specific sign of an abscess.

¢ MRI: Tubal enlargement can be easily seen on MR images
and is characterized by the tortuous folding of fluid-filled
structures on T2-weighted images. Associated findings
include thickening of the uterosacral ligaments, infiltration of
the presacral fat secondary to edema, hydronephrosis, and
indistinct margins of adjacent bowel loops.

Penis Prosthesis

* Penis prosthesis is a treatment option for men with erectile
dysfunction. There are two main types of penile implants:
semi-rigid and inflatable.

¢ MRI can clearly demonstrate the position of both semirigid
and inflatable prostheses. The saline solution in inflatable
devices is well seen with T2-weighted sequences; the silicone
in semirigid devices has low signal intensity on T2-weighted
images.

Peyronie Disease

* Peyronie disease is a common acquired condition, with a prev-
alence of around 3 %, associated with penile curvature and a
palpable plaque in the tunica albuginea and adjacent corpus
cavernosum. The plaque is mostly located unifocally in the
penile dorsum with an extension of about 1.5-3 cm causing a
typical dorsal deviation. Morphologically, an inflammatory
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reaction with thickening of the tunica in the beginning, later
on a fibrotic, often calcified plaque is typical.

* Plaques from Peyronie disease are usually palpable and are
visible at both US and MR imaging in the majority of cases.

e CT is not routinely used and can only show calcification.

e MRI: Plaque formation has been associated with low signal
intensity, disruption, localized thickening, and irregularity of
the adjacent tunica albuginea with both T1- and T2-weighted
sequences. Erection induced by the injection of Prostaglandin
El stretches the tunica albuginea improving the conditions
for plaque detection. The intravenous application of para-
magnetic contrast medium leads to an increased local signal
intensity (T1-weighted) depending on the degree of tissue
perfusion with a focal contrast enhancement around or within
the plaques indicating an inflammatory status of the plaque.

Polycystic Kidney Disease

* The Potter classification of renal cystic diseases separates
cystic kidneys into four types: (1) infantile polycystic kidney
disease; (2) cystic dysplastic kidney disease; (3) adult poly-
cystic kidney disease; and (4) partial or intermittent urinary
outflow obstruction (obstructive dysplasia).

e Autosomal Recessive Polycystic Kidney Disease (ARPKD):
also known as Potter type I and infantile polycystic disease,
the autosomal-recessive form of polycystic kidney disease
manifests early in life. The underlying defect is renal tubular
ectasia. The nephrons are normal. Expressivity varies with
some patients not surviving beyond the neonatal period.
Those with milder renal involvement survive longer and
develop hepatobiliary fibrosis and dilated bile ducts. In the
infantile form, numerous small cysts (several millimeter
range) develop throughout, the kidneys are markedly
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enlarged, poor function is evident early on, and renal failure
gradually ensues.

CT: CT reveals renal cysts to be near water density unless
superimposed bleeding occurs.

MRI: Renal cysts appear rounded well-defined structures
with very thin regular walls; these cysts vary from hypo- to
hyperintense both with T1- and T2-weighted images, pre-
sumably due to prior hemorrhage.

e Autosomal Dominant Polycystic Kidney Disease (ADPKD):
also called adult polycystic kidney disease and Potter type
III, is the most common hereditary renal disorder. Renal
failure is a late finding. These patients are also prone to
developing aortic and cerebral aneurysms with their related
complications.

Clinical presentation is variable and includes dull flank
pain of variable severity and time course: most common,
abdominal/flank masses, hematuria, and hypertension.

CT: CT shows most cysts to resemble simple cysts, although
hemorrhage into cysts is common and these are hyperdense to
water. The walls are very thin and regular and are often imper-
ceptible. Some have a fluid—fluid level or even appear as a solid
tumor. Renal calcifications are generally secondary to calculi,
prior hemorrhage into a cyst, or cyst wall calcifications.

MRI: Renal cysts appear rounded well-defined structures
with very thin regular walls; these cysts vary from hypo- to
hyperintense both with T1- and T2-weighted images, pre-
sumably due to prior hemorrhage.

Polycystic Ovarian Disease

* Polycystic ovarian disease (Stein—Leventhal syndrome) con-
sists of oligomenorrhea, anovulation, hyperandrogenism, and
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obesity in a setting of enlarged, polycystic ovaries.
Serum-luteinizing hormone levels are increased and follicle-
stimulating hormone levels are decreased. Infertility is
common.

e It is usually diagnosed clinically. Both ovaries are affected
and may be enlarged or normal in size.

e CT: CT detects enlarged ovaries containing numerous small
cysts, generally uniform in size. In some women the cysts are
sufficiently small, making their identification difficult. The
cysts are close to water density. Hemorrhage is rare.

¢ MRI: MRI reveals subcortical cysts and a thickened fibrotic
capsule; with a hypointense signal from these cysts on T1-
and hyperintense signal on T2-weighted images. In contrast
to normal ovaries, follicles seen in polycystic ovarian disease
are typically smaller than 1 cm and are uniform in size and
appearance.

Polyps, Endometrial

See section “Endometrial polyp”.

Prostatic Adenoma

See Chapter 2 “Benign Prostatic Hyperplasia™.

Prostatic Cancer

» Prostatic cancer is one of the most frequent and most com-
monly diagnosed cancer in men.


http://dx.doi.org/10.1007/978-88-470-5705-0_5#Sec4
http://dx.doi.org/10.1007/978-88-470-5705-0_5#Sec4
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* Adenocarcinoma accounts for about 95 % of all prostatic
malignancies. Mucinous adenocarcinomas of the prostate are
uncommon, and their prognosis is worse than that of a more
typical adenocarcinoma.

The most common initiator for a search for prostate carci-
noma is a screening of an elevated PSA level. Examinations
used in prostate cancer detection include digital rectal exami-
nation, transrectal US, MRI, and US-guided transrectal biopsy.

¢ CT: Nonhelical CT detects an enlarged gland but cannot dis-
tinguish between BPH and a neoplasm. Carcinoma is sug-
gested only by an irregular contour outline. Helical CT, on
the other hand, identified cancer in 88 % of patients as periph-
eral zone regions of contrast enhancement; transitional zone
cancers, on the other hand, appear similar to benign nodules.

¢ MRI: On T2-weighted images a prostatic carcinoma typically
is hypointense relative to the higher signal intensity of the nor-
mal peripheral zone. A hypointense peripheral zone is not
pathognomonic for a prostatic cancer; prostatitis, benign pros-
tatic hyperplasia, or biopsy hematoma can have a similar
appearance. A wedge shape and diffuse extension without
mass in a hypointense peripheral zone suggest benignity, while
a large size is associated with malignancy. Cancers in the cen-
tral and transitional zones are difficult to identify with MRI;
when large, they tend to disrupt the normal gland architecture.
Dynamic contrast-enhanced images may provide better tumor
definition by outlining tumor margins more clearly than with
unenhanced images. Diffusion-weighted imaging may predict
the aggressivity of the cancer and is useful for detection; Fig. 7.

e 1H-MR spectroscopy reveals a correlation between water
T2-relaxation time and tissue citrate concentration.
Significantly higher choline levels and significantly lower
citrate levels are found in cancer tissue compared with BPH
and normal tissue. Men with cancer have a significantly lower
citrate-to-choline ratio than those with BPH.
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Fig. 7 An huge hypointense mass is spotted (white arrow) on the left part
of the peripheral zone (a) on axial T2-weighted imaging. Sagittal and coro-
nal scans (b, ¢) help to precisely locate the tumor (white arrow) which is in
the prostate apical section. Diffusion imaging (d) highlights an hyperin-
tense focus (white arrow) while on perfusion imaging (e) the single ring of
interest labeled with number 1 (arrowhead) shows on intensity/time curve
(f) a malignant pattern, consisting in a rapid wash-in and a delayed wash-
out of contrast medium (arrowhead)

Prostatitis

» Prostatitis can be either acute or chronic. At times, a specific
pathogen is detected; if not, the clinical symptoms are often
ascribed to prostatodynia.

» Ultrasonography reveals a complex pattern in prostatitis.

» Early prostatic cancer and prostatitis are difficult to differen-
tiate with current imaging.

e MRI: MRI in some patients with prostatitis MR spectroscopy
detects an elevated choline peak and reduced or no citrate,
mimicking cancer. Areas with prostatitis tend to enhance fast
and show washout on dynamic contrast-enhanced MR
imaging.
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Pyelonephritis Acute

* Acute pyelonephritis (APN) primarily results from bacterial
infection of the kidney by an ascending route that causes a
tubulointerstitial inflammation of the renal parenchyma.

* The diagnosis is traditionally based on a combination of labo-
ratory findings and typical clinical features, including flank
pain, high-grade fever, and urinary tract infection (UTI).

* Imaging is not routinely indicated in patients with APN, and
treatment, which consists of intravenous antibiotics, can be
started on the basis of typical clinical and laboratory features.
Situations in which imaging is indicated include exclude
obstructed kidney, high-risk patients (diabetics, elderly, and
immunocompromised), those with mixed clinical picture,
previous renal pathology.

e TC: Typical features of acute pyelonephritis include an ill-
defined, wedge-shaped area of decreased attenuation radiat-
ing from the papilla in the medulla to the cortical surface.
Other findings on CT in acute pyelonephritis include focal or
global enlargement of the kidney, thickening of Gerota’s fas-
cia, stranding of perinephric fat, and obliteration of perineph-
ric fat planes. Pelvicalyceal wall thickening and enhancement
secondary to ascending infection may be the only imaging
feature of a kidney affected by acute pyelonephritis.

e MRI: An affected area will have low signal intensity on
T1-weighted images and increased signal intensity on
T2-weighted images, with a loss of normal corticomedullary
differentiation. Perinephric fluid is also commonly seen but is
not a specific finding for acute pyelonephritis. The use of
gadolinium is essential in correctly depicting areas of renal
involvement. MRI features of pyelonephritis mimic those of
CT, with renal enlargement, perinephric stranding, focal
areas of decreased enhancement, and striated pyelogram.
Associated abscess cavities are also well seen.
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Pyocele

* A pyocele consists of pus in the tunica vaginalis, generally
secondary to an epididymo-orchitis or rupture of a testicular
abscess.

* MRI: Abscesses are typically hypointense on T1-weighted
images and hyperintense on T2-weighted images, compatible
with fluid content, and T2-weighted images demonstrate a
hypointense rim; on contrast-enhanced T1-weighted images,
the lesion does not enhance, but the surrounding parenchyma
shows avid enhancement.
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Renal Adenoma

A renal adenoma is a benign renal neoplasm. It is
traditionally classified into three distinct types (renal papil-
lary adenoma, renal tubular adenoma, and alveolar renal
adenoma). The papillary type is the commonest variant with
an estimated prevalence of 40 % in patients older than 70
years of age.

Such lesions are histologically indistinguishable from larger
carcinomas more commonly encountered in the kidneys, and
they often have histologic grades indicating a definite poten-
tial for malignant behavior. Accordingly, most investigators
believe that these lesions should be regarded as carcinomas in
an early stage of evolution and should not be classified as
adenomas.

On CT, these small renal tumors are usually well defined and
homogeneous in appearance. Less commonly, they show
marginal irregularity, heterogeneity, or central calcification,
findings that may suggest pathologically high-grade tumors.
These lesions are best managed with partial nephrectomy,
provided that the other kidney is normal.

V. Panebianco, J.J. Fiitterer, MDCT and MRI in Genitourinary Imaging, 111
A-Z Notes in Radiological Practice and Reporting,
DOI 10.1007/978-88-470-5705-0_18, © Springer-Verlag Italia 2015
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Renal Angiomyolipoma

e Renal angiomyolipoma (AML) is a type of benign
mesenchymal neoplasm composed of adipose tissue, thick-
walled vessels and smooth muscle elements in varying pro-
portions. 80 % of angiomyolipomas are sporadic and have a
female predilection (F:M of 4:1). 20 % can be seen in associa-
tion with phakomatoses, e.g., tuberous sclerosis, and in these
cases they present earlier, are larger and far more numerous.

e When they are symptomatic, they present with spontaneous
retroperitoneal hemorrhage. The bleeding risk is proportional
to the size of the lesion, being greater if it measures more than
4 cm. Other common signs and symptoms are palpable mass,
flank pain, urinary tract infections, hematuria, renal failure,
and hypertension.

e When the triad of adipose tissue, thick-walled vessels, and
smooth muscle elements is present, the radiologic diagnosis
is uncomplicated. However, “monophasic” variants exist, i.e.,
consisting of only one of these three components, such as the
form composed exclusively of spindle-shaped smooth muscle
cells, or the epithelioid variant, which is particularly prob-
lematic because it can be interpreted as a carcinoma.

¢ On CT, most lesions involve the cortex and demonstrate mac-
roscopic fat (<20 HU). Sometimes, especially in the context
of a syndrome, they can be fat-poor.

* MRI is a valuable tool at evaluating fat-containing lesions,
and two main set of sequences are employed, that is fat satu-
rated techniques (which demonstrate high signal on nonfat
saturated sequences, and loss of signal following fat satura-
tion) and in and out of phase imaging which generates India
ink artifact at the interface between fat and nonfat compo-
nents. It is important to remember that rarely renal cell carci-
nomas may have macroscopic fat components; therefore, the
presence of fat is suggestive of an angiomyolipoma, but it is
not pathognomonic.
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Renal Bacterial Infection (Acute Pyelonephritis)

* Pyelonephritis is an infectious process affecting the kidney,
which is caused mainly by Gram-negative bacteria (E. coli,
Proteus, Pseudomonas, Klebsiella, and Enterococcus spe-
cies), whereas less than 20 % of cases are caused by Gram-
positive bacteria. Ascending infections caused by bacteria of
the fecal flora are the most common, especially in patients
with concomitant urinary tract diseases such as lithiasis or
vesicoureteric.

* Acute pyelonephritis can be defined as a clinical syndrome
characterized by lumbar pain and hyperpyrexia, associated
with laboratory findings of renal bacterial infection including
leukocytosis, pyuria, bacteriuria, and positive urine culture.
In anatomopathologic terms, pyelonephritis is a bacterial
infection of the kidney, with consequent acute inflammation
often involving the pelvis and renal parenchyma of both kid-
neys. This causes suppurative interstitial inflammation with
tubular necrosis.

* Imaging is needed to determine if there are complications
requiring prolonged antibiotic therapy or surgical interven-
tion (e.g., renal and perinephric abscess or pyonephrosis).
Imaging is also useful for excluding abnormalities that pre-
dispose to refractory infections such as nephrolithiasis or ure-
teral obstruction.

» In patients with acute bacterial renal infection, CT scans are
acquired with contrast enhancement during the
corticomedullary phase (30 s after initiation of injection) and
during either the nephrographic phase (70-90 s after injec-
tion) or the excretory phase (5 min after injection). A nephro-
gram on contrast-enhanced CT that consists of discrete rays of
alternating attenuation extending to the cortex is characteristic
of pyelonephritis and is better demonstrated on CT than on
excretory urography. Striations result from stasis of contrast
material within edematous tubules that demonstrates
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increasing attenuation over time. Severe tubulointerstitial
inflammation may progress to form a hypodense mass or
masses with rounded or irregular contours and bulging of the
renal surface. If treated too late or inadequately, such lesions
may develop single or multiple small areas of liquefaction
(i.e., small abscesses). These areas are often irregular and of
near water attenuation (20-30 HU); they do not enhance after
intravenous administration of contrast medium.

Renal Cell Carcinoma

The most common renal cancer is the carcinoma (renal cell
carcinoma, RCC), which accounts for 3 % of all adult cancers
and 80-85 % of malignant renal tumors.

Patients with RCC can present with a range of symptoms;
unfortunately, many patients are asymptomatic until the dis-
ease is advanced. At presentation, approximately 25 % of indi-
viduals either have distant metastases or advanced locoregional
disease. The classic triad of RCC (flank pain, hematuria, and a
palpable abdominal renal mass) occurs in most 9 % of patients.
Many patients with RCC present with or subsequently develop
systemic symptoms or paraneoplastic syndromes.

Of all the available prognostic factors, tumor extension at
diagnosis is the most important element for predicting disease
progression; as a result, CT plays a key role and still today
can be considered the best imaging modality for staging
RCC.

CT is currently recognized as the best imaging technique for
identifying renal parenchymal neoplasms. CT can identify
more and smaller lesions than US, although it is unable to
improve on their characterization; Fig. 8. There are two funda-
mental aims to the characterization of solid renal lesions to
distinguish a renal tumor from normal anatomic variants or
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Fig. 8 CT images showing a capsulated renal mass with inhomogeneous
contrast enhancement on arterial and venous phase which was found to be
a Renal Cell Carcinoma. MR images depicting a round-shaped, well-capsu-
lated renal mass with inhomogeneous high signal intensity on T2-weighted
images and contrast enhancement, without any signs of infiltration of renal
vein. After surgery this mass was found to be a Renal Cell Carcinoma
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thrombus into the vena cava itself, where it becomes evident
as an intraluminal defect. CT remains the most immediately
used imaging modality for the evaluation of distant metastases
(lungs, liver, and skeletal system). The most specific CT
parameter for classifying a solid mass as T3a is provided by
the identification of a solid enhancing nodule in the perirenal
fat, which possibly behaves in a similar manner to the primary
lesion. Stranding and increased thickness of perirenal fat are
not necessarily signs of tumor spread, since they are identifi-
able in 50 % of patients with lesions confined to the capsule.

¢ MRI has an important role to play in the characterization of
renal lesions. Thanks to the efficacy of the dynamic study, the
increase in signal intensity can be measured over time and the
vasculature of small lesions can be evaluated. In T1-weighted
images medium to large lesions can appear hypo-isointense
or even weakly (but never clearly) hyperintense. In
T2-weighted sequences, the appearance is hypo- and hyper-
intense. MR is able to resolve the problems CT has with com-
plex cysts, i.e., small lesions with calcified walls, in which
the absence of enhancement can help make the diagnosis of
benign lesions.

Renal Cysts (Simple Renal Cyst)

¢ The most common causes of radiologically evident renal
cysts in adults are simple renal cysts, which will be discussed
here, autosomal dominant polycystic kidney disease, and,
acquired cystic disease in patients with end-stage renal dis-
ease after several years of dialysis, particularly hemodialysis.
Unusual causes of renal cysts in adults are Von Hippel—
Lindau disease, tuberous sclerosis complex, and nephro-
nophthisis. Postmortem studies have shown that more than
50 % of people under the age of 50 have one or more cysts.
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* To help diagnose and manage these lesions, the Bosniak renal
cyst classification system was created. Based upon morpho-
logic and enhancement characteristics with CT scanning, cys-
tic renal masses are placed into one of five different categories.
The presence of true contrast enhancement of the lesion (a
minimum increased attenuation of 10-15 Hounsfield units) is
the most important characteristic separating categories III and
IV, which are associated with malignancy in 40-90 %, from the
categories I, II, and IIF, which are typically benign processes.

* MRI is typically used to evaluate patients with indeterminate
lesions. In addition to signal characteristics, MRI evaluates the
same morphologic findings as described above for CT scanning:
wall thickening, nodularity, septa, and enhancement. One differ-
ence is that MRI does not detect calcification. MRI is especially
useful for characterizing internal contents of cysts, such as hem-
orrhage or mucin, and is more sensitive than both ultrasonogra-
phy and CT in showing enhancement of internal septations. The
combination of mural irregularity and intense mural enhance-
ment had the highest correlation with malignancy.

Serial MRI examinations at 3, 6, and 12 months are
warranted in patients with indeterminate lesions on
gadolinium-enhanced MRI.

Renal Lipomatosis

* Renal sinus lipomatosis refers to a condition where there is
excessive renal sinus fat replacement, which can be due to
inflammation, renal parenchymal atrophy, renal stones, age-
ing or steroids.

* There is a variant, called “replacement lipomatosis of the kid-
ney” in which infection, renal calculi, and long-standing
hydronephrosis are accompanied by severe renal parenchy-
mal damage.
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¢ Minor anatomic variants like this one are commonly encoun-
tered and are usually evaluated using excretory urography.
However, CT is sometimes necessary for further evaluation
when urographic findings are confusing. Renal sinus lipoma-
tosis may masquerade as mass lesion in the renal sinus, but CT
reveals the benign nature of the process by showing that the
renal sinus is occupied by tissue with a fat-attenuation value.

Renal Medullary Carcinoma

* Renal medullary carcinoma is a rare tumor of the kidney.
This tumor occurs exclusively in young black patients with
sickle cell trait (HbSA and HbSC) but not sickle cell anemia.
Affected patients range from 11 to 39 years in age.

¢ Flank pain and hematuria are the most common presenting
symptoms. Metastatic involvement of regional lymph nodes,
liver, and lungs at presentation is common.

* The radiologic appearance of renal medullary carcinoma is that
of a prototypical infiltrative lesion. An ill-defined mass centered
in the renal medulla with extension into the renal sinus and cortex
is characteristic; caliectasis may be seen, and the reniform con-
tour of the kidney is maintained. The tumors are heterogeneous
on ultrasonography and contrast-enhanced CT, reflecting the
characteristic tumor necrosis. The prognosis is extremely poor.
The constellation of renal medullary mass, black race, sickle cell
trait, and hemoglobin SC disease suggests the diagnosis.

Renal Pelvis, Transitional Cell Carcinoma of

¢ Transitional cell carcinoma (TCC) of the renal pelvis is an
uncommon cancer, and it can be challenging to identify on
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routine imaging. Renal pelvis tumors are more common in
males, and are typically diagnosed during the sixth decade.

* Microscopic or macroscopic hematuria is the typical present-
ing symptom. Depending on the location, symptomatic
hydronephrosis may be the presenting symptom (flank pain)
and a renal colic due to a clot may mimic an impacted calcu-
lus. Patients may also present once metastatic disease
becomes symptomatic.

e CT urographic study is performed in two or more dynamic
phases. An initial baseline examination to rule out stone for-
mations is followed by a delayed arterial or early corticome-
dullary phase acquired 15-25 s after the injection of contrast
medium, which is especially useful in identifying vascular
anomalies. The nephrographic phase used for the study of the
renal parenchyma begins at 80-140 s after the injection of
contrast medium. The final excretory phase is acquired at
4-8 min and enables study of the collecting system and the
bladder. TCCs >1 cm can be visualized in the baseline exam-
ination as solid or cystic-like lesions with attenuation values
between 8 and 40 HU, location in the renal pelvis or a calyx,
and a round, plaque-like or arborescent appearance. In the
arterial and venous phases of the dynamic study, there is a
moderate but significant increase in the attenuation values of
the lesion. TCC is identified in the excretory phase as a ses-
sile, nodular filling defect with lobulated margins.
Occasionally dilatation of a calyx, hydronephrosis, and/or
delayed enhancement of the collecting system may be the
only signs of the presence of a lesion. When the tumor is
invasive, its extraluminal growth can be identified with inva-
sion of the perirenal pelvic fat and/or psoas muscle. In addi-
tion, multidetector-row CT is able to study its precise anatomy
and relations with the arterial and venous vessels. The dif-
ferential diagnosis should include pelvicalyceal inflamma-
tory processes, which can produce wall thickening and
heterogeneity of the surrounding adipose tissue.
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* MR urography is especially indicated in children, pregnancy,
and patients with known allergies to iodinated contrast
medium. The study can be either static or dynamic. Static
examination is done with heavily T2-weighted images to
exploit the hyperintense signal of the static or semistationary
fluids such as urine in the event of stenosis of the collecting
system. Dynamic study can be done with or without an asso-
ciated diuretic agent and is performed after the injection of
gadolinium, which is concentrated in the collecting system
during the delayed phase. Like on CT images, tumors of the
pelvicaliceal cavities appear on MR urography as filling
defects with a vegetative polypoid appearance and irregular
or stippled margins. Their attachment, which is readily iden-
tifiable at the level of the pelvis, is more challenging in lesions
arising from the calices or collecting ducts due to the limited
size of their lumina. TCC appears isointense to renal paren-
chyma in T1- and T2-weighted images, and hypointense to
urine in T2-weighted images, making its identification sim-
ple in the event of dilatation of the pelvicalyceal cavity.
Despite being hypovascular, the lesion may appear moder-
ately enhancing after contrast medium administration.

Renal Sinus Cyst

¢ Renal sinus cysts (parapelvic) are benign extraparenchymal
cysts located in the renal sinus. They are not true renal cysts
but are probably lymphatic in origin. They may be unilocular
or multilocular and are often bilateral. They do not communi-
cate with the renal collecting system.

e Most renal sinus cysts are asymptomatic and are discovered
incidentally on imaging studies. They may in rare cases cause
hypertension, hematuria, and hydronephrosis, or may become
secondarily infected.
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* Renal sinus cysts display the same CT features as simple
renal parenchymal cysts. They have attenuation values in the
water range and are difficult to distinguish from dilated or
extrarenal renal pelvis on unenhanced CT scans. The charac-
teristic feature of a sinus renal cyst is a surrounding halo of
renal sinus fat, indicating its extrarenal origin. After intrave-
nous administration of contrast medium, the cysts remain of
water density and cause displacement of the renal pelvis and
calyces. Differentiation from hydronephrosis is thus readily
made on contrast-enhanced CT. CT easily distinguishes
between renal sinus cyst and renal sinus lipomatosis, which
causes a similar deformity of the collecting system on excre-
tory urography. In renal sinus lipomatosis, the attenuation
value of the tissue is in the fat range. Solid masses in the renal
sinus, such as lymphoma and invasive transitional cell carci-
noma, are readily differentiated from renal sinus cyst because
of their soft tissue attenuation values.

Renal Transplantation

* Renal transplantation makes the recipients susceptible to a
number of complications. These can be broadly categorized
as perirenal, renal parenchymal (acute and chronic rejection),
renal collecting system (urinoma), and renal vascular compli-
cation (renal artery stenosis and renal vein thrombosis).
Complications not confined to the kidney are avascular
necrosis, amyloidosis, metastatic joint calcification, and
increased incidence of malignancy (especially hematologic
malignancy).

* Radiologic evaluation for suspected surgical complications
and of kidney dysfunction in patients with renal transplants is
best achieved by renal scintigraphy and ultrasonography.
Peritransplant fluid collections, including hematomas,
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Iymphoceles, abscesses, and urinomas, are readily assessed
on ultrasonography. Unenhanced CT and MRI are reserved
for cases in which ultrasonography fails either because of
lack of access due to a recent surgical incision or because the
transplant area is obscured by intestinal gas. Contrast-
enhanced CT should be avoided because of the potential for
nephrotoxicity. MRI is a suitable alternative in the evaluation
of the transplanted kidney and peritransplant region; how-
ever, sonography and sonographic-guided biopsy remain the
primary imaging and interventional modalities.

Renal Vein, Diseases of

* Renal vein occlusions may be categorized into five groups:
(1) extrinsic occlusion of the renal vein by an adjacent neo-
plasm; (2) direct renal vein extension of RCC or adrenal neo-
plasms; (3) renal vein thrombosis associated with primary
renal disease (e.g., about 20 % of patients with the nephrotic
syndrome); (4) secondary renal vein occlusion or thrombosis
may occur when the inferior vena cava is thrombosed after
caval extension of thrombus from pelvic or leg veins; and (5)
renal vein thrombosis, which may occur as a primary
phenomenon.

* A classic acute presentation consists of flank pain, hematuria,
and loss of renal function. Patients with chronic renal vein
occlusion are usually asymptomatic.

¢ Contrast-enhanced CT is an excellent method for the nonin-
vasive diagnosis of renal vein thrombosis, provided that renal
function is normal. CT permits differentiation between acute
renal vein thrombosis and conditions that have similar clini-
cal presentations, such as acute pyelonephritis, acute renal
infarction, and acute renal obstruction. Renal vein thrombosis
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is generally unilateral. In acute and subacute cases, an
enlarged, swollen kidney is seen on CT. The nephrogram in
the affected kidney is initially diminished because of impaired
renal perfusion; however, once the nephrogram develops, it
persists for a prolonged period and there is often prolonged
enhancement of the renal cortex relative to the renal medulla.
Calyceal opacification is often delayed, diminished, or absent
in the affected kidney. Stranding of the perinephric fat due to
edema and thickening of the renal fascia may occur. Enlarged
perirenal collateral veins are often noted. Perinephric hemor-
rhage may occur. On CT, the renal vein is commonly enlarged
and may show a filling defect because of thrombus.
Thrombosis of the inferior vena cava at or near the renal vein
orifices occurs in about 40-50 % of patients with renal vein
thrombosis. Demonstration of venous thrombus is facilitated
by scanning during the peak phase of vascular opacification
after bolus injection of contrast medium and by obtaining
5-mm-thick sections.

* MRI is widely used for detecting renal vein extension of
RCC:; it can also be used in the evaluation of nonneoplastic
renal vein thrombosis. MRI is most useful for evaluating
patients with significant renal functional impairment and
symptoms suggesting renal vein thrombosis. Renal vein
thrombus may be shown on T1-weighted spin-echo pulse
sequences when the signal void of flowing blood in the renal
vein is replaced by high signal because of thrombus. Gradient-
echo technique shows thrombus as a filling defect of medium
signal intensity that replaces the high signal of flowing blood.
Coronal MRI helps determine the extent of involvement in
the vena cava. MRI in patients with acute renal vein thrombo-
sis may also show loss of corticomedullary differentiation on
T1-weighted spin-echo images, increased signal in the
affected kidney on T2-weighted images, renal fascial thick-
ening, and renal enlargement.
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Renal Oncocytoma

* Renal oncocytoma is a rare benign renal tumor, but it is clinically
important since distinguishing it preoperatively from renal cell
carcinoma (which has similar epidemiology, presentation,
imaging, and even histology) may be particularly challenging.
Renal oncocytomas account for only 5 % of resected primary
adult epithelial renal neoplasms. They typically present during
the 6th or 7th decade, similar to renal cell carcinoma.

* On CT, oncocytomas typically are well-defined masses with
smooth, rounded margins. Tumor calcification occurs rarely,
and oncocytomas are sometimes multiple and bilateral. Small
oncocytomas are usually homogeneous in appearance on con-
trast-enhanced CT scans, although they are occasionally hetero-
geneous because of the presence of central scars. On CT, small
oncocytomas are usually indistinguishable from slowly grow-
ing small RCCs that lack hemorrhage or necrosis. A central,
sharply defined stellate scar is present in up to one-third of large
oncocytomas and strongly suggests the diagnosis. However, CT
criteria are usually poor discriminants for distinguishing
between oncocytoma and RCC, regardless of tumor size.

* On MRI, oncocytoma is generally isointense to hypointense
to normal parenchyma on Tl-weighted images and has a
variable appearance on T2-weighted images (it may be
hyperintense compared to renal cortex and may demonstrate
hypointense central renal scar, which suggests the diagnosis).
Oncocytomas do enhance in a homogeneous fashion with
gadolinium administration, but less than renal parenchyma.

Renal Trauma

* Renal trauma may be caused by both blunt and penetrating
abdominal injuries. Blunt trauma is responsible for most
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renal injuries. Such injuries are usually mild and heal without
specific therapy. Serious renal injury is often associated with
damage to other structures.

* Renal injuries are classified into four categories on the basis
of imaging findings. Category I lesions (75-85 % of cases)
are clinically insignificant; they consist of contusions and
small corticomedullary lacerations that do not communicate
with the collecting system. Category II lesions (10 % of
cases) are more serious and comprise major lacerations
through the renal cortex extending to the medulla or collect-
ing systems with or without urinary extravasation. Category
IIT lesions (5 % of cases), which are catastrophic, consist of
shattered kidney (multiple deep lacerations) and injury to the
renal pedicle. The rare entities of ureteropelvic junction avul-
sion and laceration of the renal pelvis are designated as cate-
gory IV lesions.

* Gross hematuria is the most reliable indication of potentially
serious renal damage. However, the absence of hematuria
does not preclude significant renal injury.

* Contrast-enhanced CT is the preferred modality for evalua-
tion of patients with blunt or penetrating abdominal trauma
with scans obtained at 70 s and 3 min after the start of injec-
tion of contrast material. The three basic types of renal injury
demonstrable by CT are contusions, lacerations, and infarcts,
any of which may be further complicated by intrarenal or
extrarenal hematomas or by urinary extravasation. The mild-
est form of renal injury is the contusion, characterized by an
amorphous, interstitial extravasation of blood and edema. On
unenhanced CT scans, the affected kidney zones may show
focal swelling and irregular infiltrates of high-density fresh
blood. On contrast-enhanced CT, renal contusions appear as
ill-defined, round or ovoid areas of hypoattenuation.
Superficial lacerations are limited to the renal cortex; deep
lacerations extend into the medulla, where they may enter the
collecting system or transect the kidney. Contrast extravasation



126 R

is often seen in the perinephric space. In patients with multiple
lacerations (shattered kidney), the fragments are separated
and surrounded by blood clot. Thrombosis or laceration of a
segmental branch of the renal artery produces a focal area of
renal infarction. Infarcts typically appear as peripherally
based, wedge-shaped areas of parenchyma that fail to enhance
during both the corticomedullary and pyelographic phases of
CT. Posttraumatic bleeding is commonly associated with all
injuries to the kidney. Hematomas may be intrarenal or sub-
capsular or may involve the perinephric or pararenal spaces.
The most significant vascular injury after blunt trauma is
thrombosis of the main renal artery; the diagnosis of pedicle
injury can be suggested by a hematoma surrounding the renal
hilus and abrupt cutoff of the contrast-filled renal artery.
Acute renal vein occlusion may be suspected if the kidney is
enlarged and shows thrombus in the renal vein. Ureteropelvic
junction injuries are rare. In these patients, CT typically dem-
onstrates excellent excretion of contrast material with an
intact intrarenal collecting system, but with medial perineph-
ric urinary extravasation rather than lateral urinary extravasa-
tion in category II injuries with involvement of the collecting
system. A circumrenal urinoma may be seen around the
affected kidney, but typically, there is no perinephric
hematoma.

¢ Gadolinium-enhanced MRI may be used to assess suspected
renal injury when the use of iodinated contrast material is
contraindicated.

Reninoma

¢ Renin-producing tumors (juxtaglomerular neoplasm or reni-
nomas) are a rare, but curable, cause of hypertension. Two-
thirds of juxtaglomerular cell tumors of the kidney occur in
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young women of child-bearing age. None of the reported
neoplasms has been invasive or has metastasized.

* Reninomas are usually well shown on contrast-enhanced CT
scans on which they show a smooth outline and sharp mar-
gination. Small foci of hemorrhage may cause a heteroge-
neous tumor appearance. Because of their benign nature,
reninomas may be managed by partial nephrectomy.

* On MRI, reninomas are isointense to hypointense to normal
cortex on TI-weighted images and hypointense to normal
cortex on T2-weighted images. These tumors tend to enhance
less than normal cortex on MRI because of their relative
hypovascular architecture.

Retroperitoneal Fibrosis

» Retroperitoneal fibrosis is a proliferation of fibrous and/or
chronic inflammatory tissue in the retroperitoneum. Its inci-
dence is 1:200000, it is three times more common in men,
and the peak incidence is in the 6th decade. It can be primary
or secondary.

* Symptoms are nonspecific: diffuse, dull back pain; weight
loss, leg lymphedema.

* The modality of choice to investigate this condition is MRI,
and US can then be used for follow-up. Pathognomonic find-
ings are proliferation of fibrous tissue in the retroperitoneal
space, fibrotic process surrounding the aorta and ureters,
medial deviation of the mid-ureters, and concentric ureteral
narrowing.

* On MRI, there is retroperitoneal proliferation of fibrous tis-
sue that may extend from the pelvic wall to the renal hilum.
The tissue has low signal intensity on T1-weighted images
and moderately low signal intensity on T2-weighted images.
Encasement of the aorta and ureters is often evident. If there
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is an acute inflammatory process, this will be indicated by
increased signal intensity on T2-weighted images and more
marked enhancement. Medial deviation of the ureters is
sometimes observed and there is possible urinary obstruction.
Thickening and irregularity of the aortic wall is often associ-
ated with idiopathic retroperitoneal fibrosis. A highly inho-
mogeneous appearance on T2-weighted images suggests the
malignant form of retroperitoneal fibrosis.

On CT, there is low-attenuating fibrous tissue in the retroperi-
toneum. The other findings are similar to those on
MRI. Differential diagnosis should include urothelial carci-
noma of the ureter and retroperitoneal lymphadenopathy.

Retroperitoneum in Renal Cell Carcinoma,
Bladder Cancer, and Other Pelvic Neoplasms

Retroperitoneal lymph node enlargement can be encountered
in patients with renal cell carcinoma (RCC). Both CT and
MRI appear equally effective in detecting retroperitoneal
lymph node metastases, but these techniques are usually
helpful only when bulky metastatic disease is present.
Unfortunately, RCC and other pelvic malignancies frequently
metastasize to normal sized or only slightly enlarged nodes,
so that identification of tumor spread to pelvic and retroperi-
toneal nodes by CT and MRI is often impossible. Reported
sensitivities for detecting abdominal and pelvic lymph node
involvement vary widely, and specificities have also been less
than optimal. Some work has demonstrated that MRI lymph
node enhancement with gadolinium-based contrast material
is more rapid when metastases from bladder cancer are pres-
ent. This difference in enhancement rate between normal and
abnormal lymph nodes has resulted in MRI detection of met-
astatic disease even in normal-sized lymph nodes. On CT
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scan, however, lymph nodes invaded with metastatic tumor
occasionally enhance with contrast material to the same
extent as adjacent vessels. Such enhancement, which has
been observed in some patients with bladder cancer and some
other nonpelvic primary neoplasms (e.g., thyroid and RCC),
may lead to the erroneous impression that lymph nodes actu-
ally represent abnormal dilated vessels.
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Sarcoidosis of Genitourinary Tract

Sarcoidosis is considered a multisystem disorder of unclear
etiology which can affect many organ, characterized by the
presence of widespread, noncaseating granulomas. It is
thought to represent a disorder of cell-mediated immunity. It
presents a wide spectrum of clinical manifestations and
radiographic findings.

Renal involvement is seen in 8—19 % of patients; sarcoidosis
may occasionally have a pseudotumors (lymphoma or metas-
tases) appearance with multiple hypodense lesions involving
both kidneys. Their similar enhancement to the rest of the
kidney on CT or MRI distinguishes them from malignant
lesions. The lesion does not usually distort the renal margin.
Characteristically, there is central extension of the column of
Bertin. Hydronephrosis may be caused by compression of the
ureters by enlarged retroperitoneal nodes.

Testicular sarcoidosis has been found in 5 % of patients at
autopsy. Testicular sarcoidosis presents with a unilateral,
nodular, painless scrotal mass in young males. US is the gold
standard; in equivocal cases of epididymal involvement,
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T2-weighted MRI may reveal a high signal intensity area on
a background of normal epididymal tissue.

Sedation for Image-Guided Microsurgery

Two types of medication may be given to patients: one for
sedation and anxiety, a mild sedative such as Midazolam, and
another for analgesia. In most average-size adult patients,
1 mg intravenously can be given at the onset and then titrate
the needs of the patient during the procedure. As a rule it is
probably better to err on the side of giving medication, but if
there is no apparent need by the history or from clinical
observation of the patient, one should withhold the drugs.

Scrotal Hernia

Diagnosis of scrotal hernia is usually made on clinically find-
ings, but in rare cases (i.e., patient size, marked enlargement
of the scrotum accompanied by acute testicular pain) should
be used Magnetic Resonance.

MRI demonstrates a complex masse within the scrotum and
adjacent normal testicular tissue. MRI findings could include
air within the bowel or fat content of the mesentery, meco-
nium hernia misdiagnosed on US as testicular mass.

Scrotal Trauma

Patients present with an acute scrotum and history of trauma.
Diagnosis is made in combination with clinical history and
US findings.



Seminal Vesicle Cyst 133

¢ MRI can be a useful alternative diagnostic modality for blunt
scrotal trauma, especially when ultrasonography results in an
inconclusive diagnosis; interruption of the dark signal inten-
sity line of the tunica albuginea being pathognomonic for the
diagnosis of testicular rupture.

Seminal Vesicle Cyst

* The seminal vesicles are easily identified on MR images as
convoluted tubular structures coursing posterior and superior
to the base of the prostate. The seminal fluid shows high sig-
nal intensity on T2-weighted images. The walls show low
signal intensity.

* Because of spread of tumor to the seminal vesicle occurs
directly from the base of the gland or via the ejaculatory
ducts, it is important to image the inferior aspect of the semi-
nal vesicle separately from the (low signal intensity) base of
the gland with coronal sagittal images.

* Seminal vesicle invasion of prostatic carcinoma has been cat-
egorized into three types on the basis of pathologic studies of
prostatectomy specimens.

— Type 1: The most common, invasion involve extension
along the ejaculatory ducts superiorly into the medial
aspect of the seminal vesicles or ampullae of the vas
deferens.

— Type 2: Invasion involves direct growth superiorly from
the base of the prostate into the periprostatic tissue and
then into the seminal vesicles.

— Type 3: Invasion involves foci of tumor within the semi-
nal vesicle without evident connection to tumor in the
prostate. These foci may represent metastases.



134 S
Suggested Reading

Wheeler TM. 1989. Anatomic considerations in carcinoma of the prostate.
Urol clin north am 16:623-634.

Kodama K, Hasegawa T, Egawa M, et al. 2004. Bilateral epididymal sar-
coidosis presenting without radiographic evidence of intrathoracic
lesion: review of sarcoidosis involving the male reproductive tract. Int J
Urol;11:345-348

Warshauer DM, Lee JK. 2004. Imaging manifestations of abdominal sar-
coidosis. AJR Am J Roentgenol. 2004;182 (1): 15-28.

Schnall MD, Bezzi M, Pollack HM, et al. 1990. Magnetic resonance imag-
ing of the prostate. Magn Reson Q 6:1-16.

Parivar F, Waluch V. 1992. Magnetic resonance imaging of prostate cancer.
Hum pathol 23:335-343.

Hricak H, Carrington BM. 1992. MRI of the Pelvis: A Text Atlas

Miller BH, Rosado-de-christenson ML, Mcadams HP et al. 1995. Thoracic
sarcoidosis: radiologic-pathologic correlation. Radiographics;15 (2):
421-37.

Kim SH, Park S, Choi SH, et al. 2009. The efficacy of magnetic resonance
imaging for the diagnosis of testicular rupture: a prospective preliminary
study. J Trauma;66(1):239—42



Testicular Cancer

It can be divided into primary tumors and secondary tumors
(Iymphoma, leukemia, and metastasis). Primary tumors can
be also classified into testicular germ-cell tumors and testicu-
lar nongerm-cell tumors. MR imaging is an important imag-
ing tool in the evaluation of scrotal masses, in addition to
ultrasound.

Most intratesticular solid masses represent malignant tumors,
whereas 97 % of the extratesticular masses are benign.

Germ-Cell Tumors (95 % of Testicular Carcinomas)

They are categorized as seminoma or nonseminomatous
tumor. Nonseminomatous germ-cell tumors include embryo-
nal carcinoma, yolk sac tumor, teratoma, and
choriocarcinoma.

US is the best diagnostic tool to identify and characterize
scrotal mass. Seminomas tend to be homogeneous in echotex-
ture, whereas nonseminomatous germ-cell tumors are more
heterogeneous. CT is the study of choice for the evaluation of
retroperitoneal adenopathies and lung metastasis.
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Seminomas are isointense to normal tissue on T1- and
hypointense and homogeneous on T2-weighted MR images
compared to normal testis; they enhance less than normal tes-
ticular tissue. Nonseminomatous tumors are more heteroge-
neous than seminomas in all MRI sequences, as they contain
areas of high and low signal intensity both with T1- and
T2-weighted images.

Nongerm-Cell Tumors

Nongerm-cell tumors include Leydig cell tumor, Sertoli cell
tumor, and granulosa cell tumor. Most of these tumors are
benign; combinations of several of these tumors can also occur.
The most common nongerm-cell tumor is Leydig cell tumor.
It is usually well-marginated, encapsulated, solid and homog-
enous mass, sometimes difficult to differentiate from germ-
cell tumors, in particular from seminoma. It is isointense on
T1-weighted images and hypointense on T2-weighted
images; in some cases, it can contain foci of increased signal
intensity both on T1- and T2-weighted images.

Testicular Torsion

The acute scrotum often presents as pain, swelling, or a com-
bination of sudden onset. It can occur at all ages of childhood,
but with two peaks: one in the newborns and the other during
puberty. It consists of a twisting of testis and spermatic cord
within scrotum; it causes acute scrotal pain because of vascu-
lar occlusion and infarction. Torsion of the testicular append-
age should be suspected in younger boys. The role of
ultrasound in the acute scrotum is to narrow the differential
diagnosis to allow conservative management or expedite
surgery. US is the imaging modality of choice. With acute
torsion, MRI may demonstrate a twisting spermatic cord,
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called whirlpool sign, with a hypointense signal. Testis
appears heterogeneous on all image sequences. Enhancement
is low if blood flow is compromised, whereas enhancement
could be very intense if detorsion has occurred.

Transplantation of Kidney

Pretransplant Evaluation

L]

CT allows assessment of the feasibility of kidney
transplantation.

CT provides a wide range of information regarding the vascu-
lar and extravascular systems. For example, multiple arteries
can complicate kidney transplantation and may cause postop-
erative bleeding; the surgeon must preserve each multiple
arteries to save the renal segment.

MRI and MRA are useful to detect accessory renal arteries,
some anomalous draining renal and also urinary collecting
system abnormalities in living renal donors.

Posttransplant Evaluation

L]

In case of rejection, at MR imaging, corticomedullary differ-
entiation tends to be preserved in acute tubular necrosis and
disrupted in rejection. It occurs immediately after transplan-
tation and it generally resolvers in 2 weeks. CT demonstrates
decreased graft enhancement with no contrast material excre-
tion. Chronic rejection can occur after months or even years
after surgery and is due to sclerosing vasculitis and extensive
interstitial fibrosis; allograft is usually small, often calcified.
CT and MRI can also detect posttransplant complications
such as vascular complications (arterial stenosis, thrombosis,
and vein occlusion), fluid collections, ureter complications,
infections, and neoplasm.



138 T

Tuberculosis, Kidney

* Renal infection results from hematogenous spread at the time
of primary infection, initially both kidneys are infected, but
generally the disease progresses unilaterally. Typically the
papillae are involved first, then cortical damage occurs.

* At the beginning, it develops a local infection (tuberculoma),
which is hypointense on both T1- and T2-weighted images,
whereas on CT it is seen as a solid mass with minimal
enhancement after contrast administration. Tuberculoma can
resolve or enlarge and become necrotic, extending to collect-
ing systems.

» Imaging at this stage reveals parenchymal destruction, fibro-
sis, scarring of the collecting system, strictures of the collect-
ing system and of the ureteres.

* An end-stage tuberculosis kidney appears as a small, com-
pletely calcified kidney; this aspect is called “putty kidney”,
referring to the pattern of caseous necrosis associated with
calcifications.
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Ureter, Circumcaval

¢ QOccasionally, an abnormally positioned IVC or a periureteric
venous ring at the level of the third or fourth lumbar vertebral
body medially displaces the right ureter. This abnormality,
termed the circumcaval (or retrocaval) ureter, occurs with a
frequency of approximately 0.1 %.

e TItresults from anomalous development of the infrarenal vena
cava.

* In general, patients are asymptomatic. Symptoms (secondary
to obstruction), when present, usually appear late.

e CT and MRI can be used to identify a circumcaval ureter if
the right ureter partially encircles the inferior cava, passing
first posteriorly and then medially to the IVC. Lateral posi-
tioning of the upper abdominal IVC in relation to the right
ureter without an identifiable retrocaval component of the
ureter, although seen in all patients with circumcaval ure-
ters, is usually a normal variant (6 % of the general
population).
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Ureter, Ectopic

* The incidence of ureteral ectopia is 1:1,900. It is most com-
mon in female with a marked prevalence (female:male of
5-6:1). Around 10 % of ureteral ectopias are bilateral.

* An ectopic ureter is one that drains in an abnormal location
(outside the posterolateral angle of the trigone) either within
the bladder (intravesical) or extravesically. Vesicoureteric
reflux is often associated, although the condition may be
asymptomatic. Ectopic ureter, however, more commonly
refers to the extravesical form and is clinically more impor-
tant than the intravesical type.

» Extravesical ureteral ectopia in females is associated with a
duplicated system in at least 85 % of cases and affects the
upper pole ureter in practically all cases. The ectopic ureter
may end in the urethra or in the vestibule or, less commonly,
in the vagina.

» Ultrasound is the imaging modality of choice and often is
diagnostic, particularly when the anomalous ureter is dilated.
The course of this ureter often may be followed down to and
beyond the bladder.

* Diagnosis can be even more difficult when the kidney itself is
ectopic. MR urography is indicated in the nonfunctioning
kidney. Delayed contrast-enhanced CT with thin sections
through the kidneys, coronal T1-weighted MRI, and MR
urography are the most sensitive modalities for identifying an
occult ectopic ureter.

Ureter, Neoplasm of

¢ Transitional cell carcinoma (TCC) accounts for about 93 %
of ureteral neoplasms. Ureteral TCC, like bladder cancer, is
more common in men than in women (male—female ratio,
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2:1), and the incidence peaks in the seventh decade of life.
TCCs of the ureter are most frequently found in the distal
ureter (£70 %).

e Upper tract TCCs are histologically and cytologically similar
to bladder TCCs.

e Hematuria is present at diagnosis in 70-95 % of patients.
Obstruction of the ureter or ureteropelvic junction due to a
tumor mass causes flank pain in 8—40 % of cases. Other uri-
nary tract symptoms, such as those associated with bladder
irritation, and constitutional symptoms occur in less than
10 % of cases. The physical examination is usually unre-
markable. In rare cases, a flank mass, caused either by the
tumor or associated hydronephrosis, may be palpated.

* Hydroureteronephrosis is a common finding in CT. In some
cases, the tumor can manifest as a mass of solid tissue
(>5 cm) with an attenuation value above urine in baseline
images or more commonly as a filling defect or wall thicken-
ing in the excretory phase. Other useful CT findings for the
identification of ureteric tumors are eccentric or concentric
thickening of the ureteric walls, lumen stricture, and invasion
of the adjacent structures (wall thickening and enhancement
together with periureteric fat stranding are especially indica-
tive of extramural tumor spread).

* On MR urography, the lesion appears as an intraluminal filling
defect (with consequent dilatation of the collecting system
proximally) or nonobstructive. This is useful in differential
diagnosis with obstructive calculi. In addition, TCC typically
appears as an irregular intraluminal defect, whereas a calculus
displays regular and well-defined margins. The differential
diagnosis between a tumor and a small stone can nonetheless
be challenging. In baseline sequences indeed, TCC has signal
intensity similar to that of the psoas muscle in T1-weighted
images and slightly higher in T2. In this case, paramagnetic
contrast medium, which should produce at least slight
enhancement of TCC, is not always helpful.
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Ureteral Bud, Atresia of

* Atresia of the ureteral bud at or below the ureteropelvic junc-
tion results in a severely dysplastic, nonfunctioning, cystic
kidney.

* The diagnosis is usually easily established on the basis of
characteristic imaging findings at ultrasound and renal
diuretic or cortical scintigraphy of a nonfunctioning kidney
that is replaced by multiple noncommunicating cysts with no
residual normal-appearing parenchyma.

¢ At CT and MRYI, the kidney is shown to be entirely replaced
by multiple cysts of different sizes that are separated by a
small amount of nonfunctioning, dysplastic parenchyma. In
most patients with a multicystic dysplastic kidney, the fluid
within the cysts is gradually absorbed and the kidney pro-
gressively decreases in size until it is no longer identifiable at
ultrasound. In patients who have severe hypertension or other
signs or symptoms suggestive of an occult, dysplastic kidney,
MRI has been used to identify the tiny offending dysplastic
remnant.

Urinoma

¢ Continued leakage of urine from the collecting system in the
presence of urinary obstruction may lead to an encapsulated
retroperitoneal urine collection called a urinoma. Urinomas
may be associated with ureteropelvic junction obstruction;
retroperitoneal fibrosis; retroperitoneal malignancy; cancer
of the renal pelvis, ureter, or bladder; and a variety of
conditions that cause bladder outlet obstruction. Urinomas
may also occur in patients who have experienced blunt or
penetrating abdominal trauma, renal surgery, or percutaneous
procedure.
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* Most urinomas leak into a subcapsular location or into the
perirenal space within the Gerota’s fascia. Urinomas may be
confined, encapsulated fluid collections or may manifest as
free fluid. Most urinomas occur posterior to the kidney, which
is displaced upward anteriorly and sometimes laterally.

e Urinomas usually contain fluid of uniform water density.
Intraperitoneal urine leaks are usually a result of penetrating
or iatrogenic injury. Hydronephrosis is usually present and is
aggravated by ureteric compression due to the urinoma. The
nature of a urinoma may be confirmed by contrast-enhanced
CT, which sometimes shows layering of contrast medium in
the dependent part of the collection.

Urachal Anomalies

* Embryologically, the anterior bladder wall and umbilicus
communicate with each other via a tubular channel (i.e., the
urachus) which closes before birth. Failed obliteration of the
urachal lumen results in four major types of anomalies: (1)
the patent urachus, a persistent fistula between the bladder
and umbilicus; (2) the urachal sinus, persistence of the ura-
chus at its umbilical end; (3) the urachal diverticulum, persis-
tence of the urachus at its bladder end; and (4) the urachal
cyst, an encapsulation of fluid within a portion of the urachus
that is closed at both the cranial and caudal ends. While the
first two are best evaluated by fistulography, the other two can
be easily identified by CT being both closed fluid-filled
spaces.

* Urachal cysts account for 30 % of all urachal anomalies and
primarily occur in the lower one-third of the urachus. They
do not communicate with the bladder or umbilicus. The ura-
chal cyst appears as a midline thin-walled, fluid-filled mass
beneath the rectus abdominis muscle. Increased attenuation
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or heterogeneous contents and wall thickening may be seen
with infection or hemorrhage. Additional findings of pyoura-
chus include bladder wall thickening, increased attenuation
of the subcutaneous or mesenteric fat, rectus muscle thicken-
ing, intraperitoneal abscess, and a small amount of ascites.

¢ CT: The urachal diverticulum has a wide communication with
the bladder dome and empties when the bladder is emptied.

¢ Benign urachal neoplasms including adenomas, fibromas,
fibroadenomas, fibromyomas, and hamartomas are extremely
rare; however, they are important in that they mimic urachal
malignancy.

Ureteropelvic Junction Anomalies

¢ Anomalies of the ureteropelvic junction become manifest in
conditions of hydronephrosis, i.e., with a more or less marked
degree of dilatation of the pelvis and the calyces and the pos-
sible progressive compression of the renal parenchyma.

¢ The causes of hydronephrosis can be divided into primary
(intrinsic and extrinsic) and secondary. The primary causes,
which are very rare, include anomalies of the wall of the ure-
teropelvic junction and/or the ureters, such as ureteric con-
striction or hypoplasia, polyps, papillomas, valves, persistent
fetal folds, and high insertion of the ureter. The most com-
mon extrinsic cause is the presence of an anomalous vessel
on the lower pole which causes an obstruction, which in most
cases is intermittent and is defined as intermittent ureteropel-
vic junction obstruction. This form accounts for around 20 %
of cases of hydronephrosis involving ureteropelvic junction
alterations. The secondary forms are generally related to
high-grade vesicoureteric reflux. The consequent tortuous
course of the ureter can cause a proximal obstruction. There
are often associated malformations of other organ systems.
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* Today, children affected by this condition are diagnosed
asymptomatic, i.e., at prenatal US, whereas in the past,
hydronephrosis was diagnosed late, often due to the presence
of an abdominal mass or the onset of symptoms, such as
fever, hematuria with or without renal colic, growth disor-
ders, vomit, dyspepsia, and recurrent abdominal pain.

e Color Doppler ultrasound can identify the presence of an
anomalous vessel. MR imaging is the preferred method
because it is able to fully visualize the malformed urinary
tract. Unenhanced heavily T2-weighted images and contrast-
enhanced T1-weighted sequences can be applied to image the
urinary tract. Premedication with furosemide (1 mg/kg)
enables the upper urinary tract to be distended and the con-
centration of the paramagnetic contrast medium to be diluted.

Urolithiasis and Ureter Obstruction

* Renal calculi can be multiple, but in 80 % of cases, they are
unilateral. Many patients will be affected by multiple stones
throughout their lifetime, with estimated recurrence rates of
50 % within 5-10 years and 75 % within 20 years. The calcu-
lus, depending on the size, can migrate along the ureter until
the diameter becomes too narrow for them to pass, thus caus-
ing urinary stasis and classic colicky pain.

* Most stones are passed spontaneously without causing any
symptoms, especially if they are small with smooth walls.
Renal colic is an excruciating and relentless pain with sudden
onset. It often arises in the lumbar region and radiates with
the classic loin-to-groin presentation. The pain may be asso-
ciated with nausea and vomiting, intestinal gas, constipation
and diarrhea, malaise, and lethargy.

* Non-contrast CT is the gold standard for the evaluation of
urinary stone disease. It can detect both stones and urinary
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tract obstruction thereby replacing radiography and excretory
urography.

¢ CT can be performed rapidly, does not require the adminis-
tration of contrast material, and is highly sensitive for the
detection of stones of all sizes. Thin reconstructed sections
(1-3 mm) are recommended for the detection of stones. The
specificity of CT is nearly 100 %; thus, a positive study con-
firms the diagnosis of nephrolithiasis and patients should be
treated appropriately.

¢ Intravenous contrast material administration is not routinely
required for the diagnosis of calculi at CT. An important excep-
tion is nephrolithiasis secondary to HIV protease inhibitors,
primarily indinavir. These stones are not radiopaque and signs
of obstruction may be minimal or absent; thus, the diagnosis
may be missed with ultrasound and non-contrasted CT scan.

* A possible pitfall of CT in patients who do not have evidence
of urinary tract obstruction is the occasional inability to dis-
tinguish ureteral stones from phleboliths overlying the course
of the ureter. This difficulty may be obviated by finding a
“rim” sign on CT scanning due to circumferential edema
from ureteral lithiasis.

¢ CT can be used to estimate stone burden, stone fragility, and
stone composition.

¢ MRI is rarely used during the management of stone disease,
except in the evaluation of pregnant patients, because this
modality is not optimal for identifying stones. Thus, this
modality can be utilized if there is a specific indication to
reduce radiation exposure.

Uterine Adenomyosis

* Adenomyosis is a common gynecologic condition that affects
menstruating women. The prevalence of adenomyosis is high
in the female population (19-31 % of women).
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e Adenomyosis is pathologically characterized by benign
invasion of ectopic endometrium into the myometrium with
adjacent smooth muscle hyperplasia.

e Although adenomyosis is not usually symptomatic, it is
sometimes associated with menorrhagia, dysmenorrhea, and
abnormal uterine bleeding.

* The lesion has low signal intensity on MR images because of
the whorled hypertrophy of the myometrial smooth muscle
which occurs around the glands. High-signal-intensity foci
appearing within the nodules on T2-weighted images repre-
sent the glandular epithelium. These are occasionally
hemorrhagic.

Uterine Sarcomas

* In addition to arising from the endometrium, uterine malig-
nancies may originate from endometrial stroma (stromal
sarcoma), pluripotent mesoderm (Mullerian mixed meso-
dermal tumors), and myometrial smooth muscle
(leiomyosarcomas).

e Unlike endometrial carcinoma, mesenchymal malignancies
often remain undetected by screening techniques and tend to
be in an advanced stage at diagnosis. Spread by either the
lymphatic or the hematogenous route is more likely at pre-
sentation compared with endometrial carcinoma.

e Uterine sarcomas represent only 1.3 % of myometrial tumors
but are described as nonspecific heterogeneous solitary
tumors with high vascularity. They are characterized by
aggressive behavior and early dissemination.

¢ Mullerian mixed mesodermal tumors are aggressive malig-
nancies with a propensity for advanced stage at diagnosis.
Their biologic behavior and MRI characteristics are other-
wise similar to those of endometrial carcinoma.
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Tumors derived from endometrial stromal tissues include
benign stromal nodules, low-grade stromal sarcoma (indistin-
guishable from benign nodules but with lymphatic invasion),
and endometrial stromal sarcoma. These tumors show inter-
mediate to high signal intensity and infiltrate into the myome-
trium or vessels, an appearance dissimilar from that of
leiomyomas.

Ultrasonography is the first-line imaging technique for the
detection of uterine myometrial tumors.

MRI: Leiomyosarcomas arise from myometrial smooth
muscle and usually occur in women between ages 40 and
60 years. Given the subtle difference between leiomyosarco-
mas and leiomyomas, it is unlikely that MRI will prove useful
in differentiating between the two, although it serves to iden-
tify the myometrial origin of these tumors. Uterine sarcomas
often manifest as a large myometrial mass with intermediate
or high signal intensity on T2-weighted images, as do leio-
myomas, which may be associated with various types of
degeneration or cellular histological subtype, that could also
mimic leiomyosarcoma. A large size at presentation and het-
erogeneously increased signal on T2-weighted images distin-
guish sarcomas from most, but certainly not all, leiomyomas.
MRI may prove useful in the unusual venoinvasive form of
this sarcoma (intravenous leiomyomatosis) to demonstrate
the extent of intravascular disease.
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Vulvar Cancer

e Vulvar carcinoma is a rare disease, which predominantly
involves older women.

* The prognosis of vulvar carcinoma is related to the extent of
the primary tumor and lymph node involvement.

e Squamous cell carcinoma accounts for approximately
80-90 % of vaginal malignancies.

e The main risk factor is infection with human papillomavirus
(HPV).

e A clear cell carcinoma of the vagina is a rare cancer and often
linked to exposure to diethylstilbestrol (DES). These tumors
range from polypoid to infiltrating. Imaging has a limited role
in their diagnosis, but MR is useful in assessing spread.

e Primary vaginal clear cell carcinoma not associated with
DES is very rare.
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Vaginal Sarcoma

* Vaginal sarcomas account for 2 % of vaginal malignancies.

* Vaginal rhabdomyosarcomas are found almost exclusively in
young children.

e Vaginal leiomyosarcoma is the most common sarcoma in
adolescents and women.

* MR imaging is limited in the evaluation, except in outlining
surrounding anatomy.

» Ultrasonography reveals a solid, mostly hypoechoic tumor.

* An angiosarcoma infiltrates the surrounding soft tissues.
These highly vascular tumors often are amenable to preoper-
ative angiographic embolization.

Vaginal Carcinoma

e The current evidence suggests that infection with human
papillomavirus (HPV) plays a role in cervical cancer. The
HPV DNA is present in most cervical cancers.

¢ Imaging does not have a primary role in cervical carcinoma
detection.

¢ Carcinomas in the ectocervix tend to be polypoid and extend
into the vagina. Endocervical cancers, on the other hand,
infiltrate adjacent soft tissues.

¢ CT: Computed tomography detects a cervical carcinoma as a
soft tissue tumor either in the ecto- or endocervix. However,
only larger tumors can be detected, and the features of the
tumors cannot be distinguished. These tumors enhance less
with contrast than do the surrounding soft tissues.

¢ MRI: MRI provides highly accurate information on the mor-
phology and extent of the cervical carcinoma. MRI reveals a
cervical tumor as isointense to muscle on T1- and hyperin-
tense on T2-weighted MR images. Most tumors are better
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defined on T2-weighted images, although smaller ones
enhance with contrast and tend to be best seen postcontrast.
Cervical tumors demonstrate early and prolonged enhance-
ment compared with poor enhancement of the normal cervi-
cal stroma.

Vaginal Congenital Anomalies

* MRI is not routinely used in the diagnosis of congenital or
acquired vaginal cysts.

* Congenital cysts include both Gartner’s and Mullerian duct
cysts.

* Gartner’s duct cysts originate from mesonephric (Wolffian)
duct remnants that fail to reabsorb. They typically appear as
cystic lesions in the anterolateral wall of the vagina, with low
signal intensity on T1-weighted imaging and high signal
intensity on T2-weighted imaging. In case proteinaceous or
hemorrhagic contents are present, the T1-weighted images
may show intermediate to high signal intensity.

e Mullerian duct cysts represent the embryological remnants of
the paramesonephric duct.

e Acquired cysts include both vaginal inclusion cyst and
Bartholin cyst. The latter arises from the Bartholin glands
situated in the posterolateral introitus medial to the labia
minora.

e Vaginal obstruction results in hemato (metro)colpos or
hydrocolpos. At times, the obstruction evolves into a large
pelvic soft tissue tumor, evident both clinically and with
imaging.

» Congenital vaginal septa may occur either in isolation or with
other Mullerian duct anomalies of the uterus and cervix.

e Obstructions range from imperforate hymen to a vaginal
septum.
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¢ MRI of hematocolpos reveals a high signal intensity both on
T1- and T2-weighted images (blood products) and helps
establish whether the distention extends into the fallopian
tubes.

Varicocele

* A varicocele is characterized by abnormal tortuosity and dila-
tation of the veins in the pampiniform plexus of the spermatic
cord caused by reflux of blood in the internal spermatic or
gonadal veins. It consists of either a single enlarged vein or
several freely communicating veins containing incompetent
valves.

¢ Scrotal ultrasonography is the modality of choice for evaluat-
ing varicocele.

* MRI: MRI of an intratesticular varicocele reveals a tortuous
tubular structure of low signal intensity on both T1- and
T2-weighted images; it has a similar signal intensity as the
testicular parenchyma. The more common extratesticular
varicoceles have a serpiginous course and have a varied sig-
nal intensity, depending on flow.

Vas Deferens

¢ Malformations of these structures consist of cysts, agenesis,
and partial atresia; an occasional one is associated with renal
agenesis.

* Congenital absence of the vas deferens can be either bilateral
or unilateral.

e The absence of vas deferens is identified by CT or MR
imaging.
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Von Hipple-Lindau (Kidney)

* Von Hippel-Lindau disease is a hereditary cancer syndrome
caused by mutations of the VHL tumor-suppressor gene,
which is located on the short arm of chromosome 3.

» This autosomal dominant disease has age-related penetrance of
close to 100 % at age 60 years. Affected individuals develop sev-
eral diseases including kidney cysts and clear cell carcinomas.

* Renal cysts are often multifocal and bilateral and are predom-
inantly cortical in location. They do not progress to renal
failure.

e Multicentric renal cell carcinomas are common, at times
bilaterally.
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Xanthogranulomatous Pyelonephritis (XGN)

It is an uncommon condition characterized by chronic granu-
lomatous process, induced by recurrent bacterial urinary tract
infection, in which the renal parenchyma is ultimately
replaced with lipid-laden (foamy) macrophages.

Most patients are middle-aged and diabetic female patients
who present with symptoms like flank pain, hematuria, mal-
aise, weight loss, and low-grade fever.

The preoperative diagnosis of XGN is difficult because of its
nonspecific clinical presentation. Hematuria and hydrone-
phrosis are sometimes encountered.

CT: Typical findings are the combination of a nonfunctioning
unilateral enlarged kidney and parenchymal inflammation.
A central calculus within a contracted renal pelvis, multiple
areas of low attenuation representing expansion of the caly-
ces filled with pus, and inflammatory changes in the peri-
nephric fat are often present. The walls of the dilated calyces
demonstrate enhancement due to the vascularity of the sur-
rounding granulation tissue and compressed normal renal
parenchyma.
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¢ MRI: The morphologic features are similar for both CT and
MRI. Signal intensity characteristics may vary. The solid
mass demonstrates iso- to high signal intensity compared
with the renal parenchyma on T1-weighted images. The sig-
nal intensity on T2-weighted images is isointense compared
with the contralateral normal kidney. The fluid-filled
expanded calyces demonstrate low signal intensity on
T1-weighted images and high signal intensity on T2-weighted
images. The perirenal infiltration shows low signal intensity
on both T1- and T2-weighted images.
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