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CHAPTER

( jross—sectional imaging 1s essential for the diagnosis
and clinical management of a number of renal pa-
thologies. Although ultrasound (US) represents a

first-line imaging modality in the assessment of the kidney

because of its cost effectiveness, portability, and availability;
the images are highly operator dependent and are limited

In anatomic coverage as compared to computed tomogra-

phy (CT) scans and magnetic resonance imaging (MRI). CT

scans and MRIs offer images of superb anatomic detail and
permit the accurate and noninvasive assessment of a wide
range of renal and urologic pathologies including: congenital
anomalies, obstructive disease, inflammatory lesions, vascu-
lar insufficiency, benign and malignant tumors, and trauma.

Although CT scans remain far more commonly used 1n clini-

cal settings, the role of MRI is growing because of its superior

intrinsic tissue contrast and the absence of radiation expo-
sure. Additionally, MRIs can be used as the problem-solving
modality when US or CT findings are nondiagnostic.

TECHNICAL CONSIDERATIONS
FOR COMPUTED TOMOGRAPHY
SCANS AND MAGNETIC
RESONANCE IMAGING

Principles of Computed Tomography Scans

Similar to conventional X-ray radiographic images, the
physical basis for a CT scan is the attenuation of X-ray pho-
tons passing through the body. The basic hardware of a CT
scanner system consists of an X-ray gantry (which supports
a rotating X-ray tube and a set of X-ray detectors); a patient
table that moves in and out of the gantry; and a computer
system integrated with the gantry, data-storage hardware,
and 1mage-display console. A precisely collimated narrow
X-ray beam (a fan-shaped beam) is generated, then trans-
mitted through the patient’ body and received and iden-
tified by the detectors on the opposite side of the gantry.
The use of a rotating X-ray beam and detector arrays permits
the detection and measurement of the X-rays attenuated
by tissues from many different projections. It is from these
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measurements that the CT images are mathematically recon-
structed.! The CT scan is operated at various user-selectable
voltages (e.g., 80, 100, 120, 140 kVp) and currents (milli-
ampere second [mAs]) that closely determine radiation dose
and 1mage quality.

Computed Tomography Attenuation
or Computed Tomography Number
(Hounsfield unit)

The spatial resolution of a CT 1mage typically achieves 0.3
to 0.5 mm with an 1imaging matrix size of 512 X 512 pixels.
Each pixel (picture element) value of a CT image repre-
sents the tissues’ X-ray attenuation coeflicient at that pixel,
which is expressed in Hounsfield units (HU). The data size
of each pixel is typically 2 bytes. Because a CT image con-
sists of 512 X 512 pixels, the data size of a CT 1mage 1s
approximately 0.5 MB (512 X 512 X 2). The attenuation
value assigned to each pixel is based on a reference scale in
which —1,000 HU is the value assigned to air and 0 HU is
assigned to water.” Fat is typically —30 HU or less, whereas
calcification, bone, and iodinated contrast are usually great-
er than 100 HU. User selection of the number of shades of
gray (window width) m the image and the central hue of
gray (window level) permits the modification of displayed
image contrast. By adjusting the window width and level,
the 1mage can be optimized for evaluating a wide range of
tissues with varying attenuations. For example, bone and a
contrast-filled bladder are typically presented as bright (high
attenuation) structures, whereas the lungs are typically pre-
sented as dark (low attenuation) structures. Subtle struc-
tures such as a solid tumor within a normal parenchyma
may be displayed more conspicuously in a specifically de-
signed window setting (e.g., liver window).

Computed Tomography Technical Advances

CT technology has advanced from the traditional sin-
gle-row detector array to a multiple-row detector array.
Multidetector-row CT (MDCT) scans, which are now the
standard method for performing CT examinations, allow
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multiple channels of data to be acquired simultaneously.
As a result, MDCT scans covers a large volume of area
in a short scan time with thinner slices and an improved
spatial resolution along the patient’ craniocaudal axis.
Presently, 64-detector MDCT systems are most commonly
in use; however, the 320-detector MDCT has been recently

introduced into clinical practice. Using MDCT, the entire
abdomen can be imaged in a few seconds. MDCT scans
offer a greater speed of acquisition and higher resolution
images than single-detector CT scans and thus greatly fa-
cilitate multiplanar imaging and three-dimensional (3D)
reconstruction (Fig. 11.1).

FIGURE11.1 3Dreconstruction of MDCT urogra-
phy images using maximum intensity projection
(A),volumetric rendering (B),and average intensity
projection reformat (C). The collecting systems and
bladder are intensely opacified with excreted intra-
venous contrast material. (See Color Plate.)
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The technical advances of MDCT scans have allowed
highly technical and challenging clinical applications, such
as CT angiography (CTA), to be practiced routinely. MDCT
scans have essentially replaced the conventional catheter-
based diagnostic renal angiography. In many institutions,
MDCT urography is performed in place of the conventional
intravenous urography”> MDCT renal imaging is widely
used as the “one-stop shop” single imaging modality for the
evaluation and surgical planning of many clinical conditions
involving the kidney and urinary tract. In addition, the appli-
cation of 3D techniques to CT scans allows for the accurate
depiction of tumor depth, location, relationship of the tumor
to adjacent structures, and the delineation of renal vascular
anatomy as well as aid i preoperative planning (Fig. 11.2).

Recently, dual-energy MDCT scans were mtroduced,
allowing the simultaneous acquisition of low- and high-
voltage CT images during the same scanning phase. This
technique has the potential to better characterize renal stone
compositions and renal lesions through the assessment of their
distinct CT attenuation profiles, thereby providing potentially
improved physiologic and molecular information.®

Use of Contrast Media in Computed
Tomography Scans

A CT evaluation of renal anatomy and pathology often re-
quires the intravenous injection of iodinated contrast media.
Intravenous contrast enhancement 1s useful for the depic-
tion of small lesions by increasing their conspicuity, for the
demonstration of vascular anatomy and vessel patency, and
for the characterization of lesions through their patterns of
contrast enhancement. On the other hand, an unenhanced
CT scan is better suited to detect renal or urinary calcifi-
cations and intrarenal or perirenal hemorrhage because CT
images obtained after the administration of contrast media
may mask these abnormalities.” > Unenhanced CT scans are
also recommended for the quantification of tumor contrast
enhancement on the postcontrast scans and for patients with
poor renal function.

The commercially available radiographic contrast agents
are tri-iodinated derivatives of benzoic acid. All currently
available intravenous (IV) contrast media are excreted by the
kidney through glomerular filtration, with no significant tu-
bular excretion or resorption.'*!'! It is prudent that the physi-
cian inquire about the patient5 history, particularly regarding
the renal function and any history of allergies to the contrast
material. A history of asthma and severe allergies increases
the risk of subsequent reaction to contrast agent injection
by a small percentage. The administration of corticosteroids,
with or without antihistamines, 12 hours before a contrast
injection to reduce the occurrence of adverse reactions in
allergic patients has been well documented. Oral contrast 1s
less critical in urologic imaging than in gastrointestinal imag-
ing. In fact, the use of oral contrast media may be counter-
productive for the evaluation of renal calculi or CTA.

A contrast-enhanced CT scan is typically performed
with 100 to 150 mL of 300 to 370 mg per milliliter of

contrast medium injected at 2 to 3 mL per second. The
amount of contrast medium is adjusted for the patient? size,
clinical indications, and the CT scanner type. For CTA, fast
injection rates (4 to 5 mL per second) are recommended. CT
scan delays are determined by fixed delay or bolus tracking
techniques.'?

After the administration of an IV contrast agent,
contrast-enhanced CT scans can be acquired at different
contrast enhancement phases: early arterial, corticomedul-
lary, nephrographic, and excretory phases (in the order of
increasing CT scan delays) (Fig. 11.3). Although the kidney
1s normally imaged in routine abdominal CT scans at a single
(nephrographic) phase of contrast enhancement, dedicated
renal imaging protocols consist of scanning of the kidney at
multiphases of contrast enhancement. Imaging phases must
be selected i accordance with clinical indications because it
1s important to minimize the number of scanning phases to
reduce the radiation exposure for a patient.

The early arterial phase begins with the arrival of the
contrast medium 1in the renal artery and ends prior to the
occurrence of intense renal venous return. This phase is
primarily useful in arterial CTA (i.e., surgical planning and
renal artery stenosis evaluation) and is very limited for the
diagnostic imaging of the kidney and urinary tract. The cor-
ticomedullary phase of the kidney corresponds to an intense
enhancement of the renal cortex prior to a substantial en-
hancement in the medulla. The depiction of a hypervascular
renal mass and renal artery anatomy is maximized during
the corticomedullary phase. The nephrographic phase of the
kidney corresponds to homogeneous enhancement through-
out the renal parenchyma with a loss of corticomedullary
differentiation. The depiction of renal lesions in the cortex
or medulla is maximized during this phase. The degree of
contrast enhancement in a renal mass is evaluated by not-
ing the difference in the CT scan attenuation of the mass
between this phase and in the unenhanced CT images. The
onset of the excretory or urographic phase 1s about 2 min-
utes after the start of contrast medium injection. Maximal
opacification of the renal calyces, pelvises, and ureters oc-
curs later, about 5 to 10 minutes after the injection of the
contrast medium. This is the best enhancement phase for the
assessment of (benign and malignant) conditions affecting
the urinary tract.

Magnetic Resonance Imaging Principles

An MRI scan begins with placing the patient in the central
bore of an electromagnet, which generates a static magnetic
field. Nuclei with odd numbers of protons or neutrons (of
which hydrogen i1s the most abundant in biologic tissue)
align themselves with their magnetic moments, either paral-
lel or antiparallel to the external field. A net magnetization
vector lies in a direction parallel to the static magnetic field
of the magnet bore of the MRI (called the z-axis by conven-
tion). A radio frequency (RF) transmission coil transmits RF
pulses through the patient and energizes the protons in the
z-axis. When the RF pulse is turned off, the protons give off
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Region Volume {ml) Average HU a
Right kidney 159.60 156.2 +/- 38.6
Left kidney 165.37 153.9 +/- 487
Total 324 .98

FIGURE11.2 MDCTrenal imaging performed
as one-stop shop imaging study for renal do-
nor work-up,including CTangiography (A),
urography (B),and measurement ofkidney
volumes (C).(See Color Plate.)




CHAPTER 11 = COMPUTED TOMOGRAPHY AND MAGNETIC RESONANCE IMAGING 381

FIGURE11.3 CT'images ofnormal kidneys obtained without intravenous contrast (left upper),at corticomedullary phase with con-

trast (right upper),nephrographic phase (left lower),and delayed excretory phase (right lower). The arrow points to the peri-renal fat.

the energy (relaxation) that was imparted to them by the RF
pulse.'*'* This emitted energy is received by a receiver RF
coil, and it 1s from this energy that the MR image 1s created.
MRI pulse sequences determine the patterns of repetitive RF
pulsations and the sampling of MR signals emitted during
the intervals between RF pulses. Each MR sequence takes
advantage of the intrinsic property of the bodys tissues to
absorb and release this energy. How this energy is imparted
through the physics of the pulse sequences and whether en-
ergy 1s released quickly or slowly determines the weighting of
an 1image. In general, an image is either T1 or T2 weighted.
An MRI possesses exquisite contrast resolution, even with-
out the use of IV contrast. On T1-weighted images, the fluid
1s generally dark (also called low signal) and on T2-weighted
images, the fluid is bright (also called high signal).'*'*

In order to map the anatomic distribution of dif-
ferent tissue signals, magnetic field gradients are estab-
lished within the MR scanner along the x-, y-, and z-axes.
Because the protons’ resonance frequency depends on
the magnetic field strength, controlled applications of
magnetic field gradients induce protons to precess at dif-
ferent frequencies and phases according to their spatial
distributions. The pattern of a received signal from a
selected tissue volume can be converted to an image in

which digital information related to protons’ spatial dis-
tribution is reconstructed into images displayed over a
gray scale.'>'* Unlike CT attenuation values (HU), MR
signal intensities are not directly specific to tissue compo-
sitions. Therefore, MR signal intensities between tissues
are frequently compared 1n relative scales, such as a ratio
to reference signal intensity.

Technical Advances in Magnetic
Resonance Imaging

Because the respiratory motion of the kidney may signifi-
cantly decrease the image quality, it 1s critical to perform
an MRI scan with fast sequences within a breath hold. A
variety of fast T1-weighted and T2-weighted sequences are
available with the development of advanced coil and parallel
imaging techniques to improve both temporal and spatial
resolutions of an MRI. An MR angiography (MRA) is rou-
tinely performed when a diagnostic evaluation of the renal
vasculature 1s requested. Although noncontrast sequences
are available for an MRA, the dominant technique 1s the 3D
gadolintum-enhanced MRA. For an evaluation of the urinary
tract, an MR urography (MRU) has been developed. An MRU
may be performed on T2-weighted sequences, exploiting the
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long T2 of urine without gadolinium or on T1-weighted se-
quences after the administration of gadolinium contrast dur-
ing the excretory phase.

Recent advances have resulted in new MR techniques
for evaluating renal function such as perfusion, diffusion,
oxygenation, and sodium concentration. A functional MRI
of the kidney has not yet found broad clinical application,
but it has great potential. Through the ongoing development
of functional MRI techniques, we may expect an increasing
role for functional MRIs in the management of patients with
renal disease.” !

The Use of Contrast Media in Magnetic
Resonance Imaging
Gadolinium chelates are almost exclusively used for IV con-

trast materials for MRIs. Gadolinium agents have been shown
to produce comparably lower incidences of allergic reactions

than the iodinated contrast agents used in CT scans. The
gadolinium compounds are filtered at the glomerulus and
are neither reabsorbed nor secreted. They parallel iodinated
contrast material in their pattern of initial intravascular and
subsequent extracellular space distribution and in their pat-
tern of excretion. Gadolintum-based contrast agents demon-
strate a similar pattern of contrast enhancement as iodine-
based agents (see Fig 11.4).'"!®

For many years, gadolintum-based contrast-enhanced
MRIs were believed to be safer and they were the pre-
ferred method of contrast (instead of 10dine-based contrast
material) for patients with renal impairments. However, since
early 2006, evidence has been mounting that some gadolin-
ium-based contrast agents may potentially cause the fibros-
ing sclerodermalike condition called nephrogenic systemic
fibrosis (NSF) in patients with renal failure.'”' Patients
at the highest risk of NSF include: (1) patients who have
severe acute or chronic renal impairment with glomerular

FIGURE11.4 MRimages ofnormal kidneys:Tl-weighted without intravenous contrast (left upper),contrast-enhanced Tl-weighted at
corticomedullary phase (right upper),contrast-enhanced Tl-weighted at nephrographic phase (left lower),and T2-weighted

(right lower).
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filtration rates (GFR) <30 mL per min/1.73m?; (2) patients
on dialysis (hemo or peritoneal); and (3) patients with re-
duced renal function awaiting liver transplantation. The
recognition of this adverse reaction to gadolinium-based
agents in renal-impaired patients emphasizes the need for
an appropriate clinical indication for gadolinium-enhanced
MRIs in this patient population. If an MRI is clearly indi-
cated, the lowest dose of the agent that leaves the smallest
amount of gadolintum in the body must be used and, in
certain cases, immediate dialysis after the administration is
recommended.'” !

MAGNETIC RESONANCE
IMAGING VERSUS COMPUTED
TOMOGRAPHY SCANS

CT scans and MRIs complement each other in providing di-
agnostic information for the detection and characterization
of renal pathologies. Because CT scans are faster and easier
to perform, it is more commonly used in the evaluation of
renal and perirenal disease. The MRI remains primarily a
problem solving modality adjunct to a CT scan or is used
when a CT scan is contraindicated. The CT scan is supe-
rior for the reliable detection of calcified structures, whereas
an MRI provides superb intrinsic tissue-contrast resolution
and multiplanar imaging, which is particularly useful for the
evaluation of renal vasculature.

If nephron sparing surgery is contemplated, an MRI
1s better able to differentiate a tumor from perineph-
ric fat, the renal sinus, and the collecting system, thus
helping the urologist decide if a partial nephrectomy is
feasible. Staging renal lesions is more complete with an
MRI than a CT scan, particularly when determining re-
nal vein and inferior vena cava (IVC) involvement.?*??
Patients who have genetic anomalies resulting in an in-
creased risk for renal cell carcinoma (RCC) (e.g., von
Hippel-Lindau), and those with conditions that produce
other renal lesions that may mimic RCC (e.g., tuberous
sclerosis), can be followed safely with a yearly MRI. This
follow-up regimen will protect these high-risk patients
from recurrent exposure to ionizing radiation from CT
scans, with no loss in the ability to detect or characterize
renal lesions.?*’ Conversely, patients who are critically
ill (e.g., intensive care unit patients) and those who have
difficulty with the breath-holding requirements are not
ideal candidates for renal MRIs. Patients unable to coop-
erate for other reasons (e.g., dementia, chronic obstruc-
tive pulmonary disease, morbidly obese) are also unsuit-
able for MRIs. Scanning these patients often results in a
poor quality examination that may not be interpretable.
Patients who have ferromagnetic implants (some neuro-
vascular aneurysm clips, cochlear implants, pacemakers,
defibrillators) are also contraindicated for MRIs. Further-

more, patients with claustrophobia may not be able to
undergo MRIs.**™’

NORMAL ANATOMY

The kidneys lie within the retroperitoneum that is in turn
divided by facial planes into three compartments centering
the kidneys: the perirenal, the anterior pararenal, and the
posterior pararenal spaces. The kidneys, the perirenal fat,
and the adrenal gland are in the perirenal space enclosed by
the anterior (Gerota) and posterior (Zuckerkandl) layers of
the renal fascia. The perirenal space also includes the renal
and adrenal vessels, the aorta, the inferior vena cava, and
the perivascular lymph nodes. The kidneys lie lateral to and
roughly parallel with the lateral border of the psoas muscle.
The renal fossa 1s bounded medially by the psoas muscle,
posteriorly by the quadratus lumborum muscle, laterally by
the transversus abdominis muscles, and superiorly by the
diaphragm. Anteromedially, the kidneys are covered by peri-
toneum; posteriorly, the 12th rib crosses the left kidney at a
45-degree angle, with approximately one-third or more of
the left kidney superior to the inferior margin of the thoracic
cage.’*** A fibrous envelope called the renal capsule covers
the kidney and is firmly adherent to the renal substance.
A potential space exists between the kidney and its capsule,
which in abnormal situations (such as trauma and infection)
may contain blood, pus, or urine.’**

The renal sinus contains fat and fibrous tissue, renal ves-
sels, nerves, and lymphatics. The sinus extends around the
renal pelvis, the infundibula, and the calyces and 1s continu-
ous with the perinephric fat. The renal arteries arise from
the aorta and enter the renal hila. The renal veins lie anterior
to the renal arteries, whereas the left renal vein usually runs
between the aorta and the superior mesenteric artery>" **
The adrenal glands lie anterior and medial to the upper poles
of kidneys and are bilobed V- or ¥shaped structures.

The anterior pararenal space contains the second and
third parts of the duodenum, the pancreas, and the ascend-
ing and descending portions of the colon. It 1s limited anteri-
orly by the parietal peritoneum, and posteriorly by the renal
fascia. The posterior pararenal space contains only fat and is
bounded posteriorly by the transversalis fascia. The parietal
peritoneum and transversalis fascia fuse laterally to form
the lateroconal fascia. The anterior and posterior pararenal
spaces communicate to a limited extent above and below the
level of the renal vessels. Fascial planes are demonstrated as
linear structures of soft tissue attenuation surrounded by low
attenuation fat.**** These fascial planes may unfuse and form
a potential space between the perirenal and pararenal spaces
to be filled with fluid; in particular, a sequelae of pancreatitis.

On unenhanced CT scans, the kidneys appear as oval
structures with soft tissue (gray) attenuation surrounded by
low attenuation (dark) perirenal fat (Fig. 11.3). They intensely
(brightly) enhance with itravenous contrast. The appearance
of the kidneys on MRIs depends on a number of factors, in-
cluding the type of MR sequences, hydration, and contrast
enhancement (Fig. 11.4). On TI1-weighted images, the kid-
ney presents with intermediate (gray) signal intensities similar
to visceral organs and muscle. On T2-weighted 1mages, the



384 SECTION II = CLINICAL EVALUATION

FIGURE11.5 CTimages ofhorseshoe kidney obtained at cortcomedullary (left) and delayed excretory phase (right). Asmall cyst is

noted in the right kidney.

kidney 1s slightly hyperintense showing signal intensities sim-
ilar to the spleen. The renal medulla is slighter darker on T1
images but 1s brighter on T2 images than the renal cortex. This
1s likely because of a greater unbound water (urine) content
in the medulla.*® Gadolinium contrast agents administered
intravenously shorten T1 and enhance the renal parenchyma
in T1-weighted images.’**~* When lesion contrast enhance-
ment is difficult to detect, a subtraction technique between
unenhanced and enhanced T1-weighted images 1s required.
The calyces, renal pelvises, and ureters containing abun-
dant water (urine) have low signals on T1-weighted 1mages
and high signals on T2-weighted images. The intraluminal
signal mtensities of the renal vessels vary widely depend-

ing on the MR sequences, imaging planes, and gadolinium
contrast. The perirenal fat is bright on both T1- and T2-
weighted images. The fat saturation technique suppresses
the hyperintense perirenal fat signal and helps detect and
characterize a renal lesion with fat, such as angiomyolipoma.

RENAL PATHOLOGIES
Congenital Variants of Renal Anatomy

Congenital and developmental variants of the kidney such as
ectopic kidneys, horseshoe kidneys (Fig. 11.5), duplicated col-
lecting systems, and various hypoplasia or dysplasia (Fig. 11.6)
are routinely detected on cross-sectional imaging. An MRI is

FIGURE11.6 Left renal agenesis with dilated,tortuous ureteral remnant shown on T2-weighted MR (left) and MRurography (right).

The right kidney shows compensatory hypertrophy.
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FIGURE11.7 CT'images ofkidneys
obtained without intravenous contrast

(left upper),at nephrographic phase with
contrast (right upper),and at delayed excre-
tory phase (left lower).Mild hydronephrosis
in the left kidney caused by a distal ureteral
calculus (right lower) is conspicuously
demonstrated by excreted contrast filling
the dilated collecting system.

particularly attractive as an imaging modality for the serial
follow-up of pediatric patients with suspected renal anomalies
because it requires no 1onizing radiation and offers superb in-
trinsic contrast without exogenous contrast agents.***’

Obstructive Disease

Unenhanced renal CT scans have emerged as an attractive
alternative to mtravenous urography (IVU) and ultrasound
(US) imaging in patients with suspected renal colic. A CT
scan allows us to evaluate the abdomen and the retroperito-
neum for other disorders that mimic renal colic, including
diverticulitis, appendicitis, an aortic aneurysm, and retro-

FIGURE11.8 CTshowing acute obstruction
at the left uretero-pelvic junction with
persistent cortico-medullary enhancement
(compare the pattern of enhancement to
the right kidney).

peritoneal fibrosis. The dilated, fluid-filled collecting sys-
tem and ureter, along with the anatomic site, degree, and
cause of obstruction can be evaluated on unenhanced images
(Fig. 11.7). The acutely obstructed kidney may be enlarged
and edematous. The renal execretion of contrast can be as-
sessed on contrast-enhanced CT scans. With an acute ob-
struction, the usual transient, early cortical-medullary phase
contrast enhancement is prolonged (persistent nephrogram)
with a delayed excretion of contrast into the collecting system
(Fig. 11.8).3:0-27:28:36:434836 Chronjc obstruction may cause a
marked distention ofthe fluid-filled collection system and an
atrophy of the renal parenchyma.*0-7:28.36:43.48-36
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Although an MRI is not commonly used as the first-line
diagnostic imaging modality for the evaluation of suspected
obstructive disease, the ureteral, pelvic, and calyceal dilata-
tion caused by a distal obstruction can be readily delineated
on transaxial, sagittal, or coronal MRIs. Gadolinium contrast
1s not necessary to determine the presence of an obstruction.
In particular, an MRI that uses heavily T2-weighted images
without gadolinium contrast has been shown to be accurate
in detecting an obstruction (Fig. 11.9).30:27-28:36:43.48-36

Nephrolithiasis

Because CT scans provide an accurate, rapid, and safe evalu-
ation of suspected renal calculi without contrast, it has re-
placed IVU for this application. Unenhanced CT scans have
been reported to have sensitivities ranging from 96% to

FIGURE11.9 Left renal hydronephrosis shown on T2-
weighted MR (top left) and MRurography (top right). The
hydronephrosis was caused by a large crossing renal ar-
tery (wWhite arrow), which courses across the ureteropelvic
junction with a sharp angulation,as shown on contrast-
enhanced MRangiograph (bottom).

100% and specificities ranging from 92% to 100% for the
diagnosis of nephrolithiasis or urolithiasis.”’

Regardless of the chemical composition, renal and ure-
teral calculi are generally radiodense on CT scans (with the
rare exception of indinavir-induced stones). Thus, cystine
and urate calculi that are difficult to detect on conventional
abdominal radiographs can be readily diagnosed on unen-
hanced CT scans. Crixivan (indinavir sulfate), a protease
inhibitor used to treat patients with HIV, can precipitate in
the urinary system forming radiolucent stones that may not
be directly visualized on CT scans. When nephrolithiasis
1s suspected, the initial CT scan should be obtained before
the administration of contrast agents because the high-
attenuation contrast excreted into the collecting system may
obscure underlying calculi.
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FIGURE11.10 Unenhanced CT
showing a hyperattenuating calculus
at the left uretero-pelvic junction
with peri-nephric and peri-ureteric
soft tissue stranding consistent

with acute left renal colic due to
nephrolithiasis.

The most common locations for an obstruction by
a stone are the natural anatomic points of narrowing: the
ureteropelvic junction (Fig. 11.10), the pelvic brim where
the ureter crosses the iliac vessels, and the ureterovesi-
cal junction. The most obvious sign of a ureteral stone on
a CT scan 1s a focus of high attenuation (similar to bone)
within the ureter.’”* Secondary signs of an obstruction in-
clude ureteral dilatation, asymmetric inflammatory change
of the perinephric fat, hydronephrosis, and nephromegaly:
An obstructing stone at the ureterovesical junction may be

difficult to differentiate from a stone that recently passed
into the bladder. In such a case, scan the patient in a prone
position and the stone that falls to the anterior portion of the
bladder is a stone that has passed.’” %

Renal or ureteral calculi are not directly visible on an
MRI because they do not produce MR signals. They may be
indirectly identified as foci of a signal void within the renal
parenchyma, the collecting system, or ureters (Fig. 11.11).
However, other objects including air, metal, and sutures also
present as sites of signal void on an MRI.

FIGURE11.11 Extensive medullary calcinosis is shown as multiple hyperattenuating fociin the bilateral kidneys on unenhanced CT
(left) but only as signal voids on T1-weighted MRI (right), undifferentiated from gas in the gastrointestinal tract.
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Inflammatory Disease
Acute Pyelonephritis

Acutely inflamed kidneys may present with a range of
findings on a CT scan. These include renal enlargement,
heterogeneous patterns of contrast enhancement or striated
nephrograms (Fig. 11.12), and pelvicaliceal air. Perirenal
effusions and a thickening of the perirenal fascia may be
seen with severe inflammation. A CT scan is also useful
in depicting long-term sequelae of renal infections, renal

FIGURE11.12 Contrast-enhanced CTin a patient
with clinical symptoms ofacute pyelonephritis
showing striated nephrogram in an edematous right
kidney with multiple linear non-enhancing areas.

parenchymal scarring and atrophy, and deformities of the
collecting system (Fig. 11.13).?4%:04%¢ A CT scan is also su-
perior to ultrasonography in detecting and delineating renal
and perirenal abnormalities that are associated with pyelo-
nephritis and abscesses.

Acute pyelonephritic kidneys may show loss of cortico-
medullary distinction on T1-weighted MRIs. Perirenal ede-
mas may produce a decrease in the signal intensity of the
surrounding fat and the thickening of renal fascia. Areas of
inflammation and abscess cavity walls demonstrate contrast

Figure 11.13 ILeft kidney with recurrent acute pyelonephritis (/eft) resulting in atrophy shown i follow-up CT (right).
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FIGURE11.14 Contrast-enhanced CT'showing a large, thick-
walled abscess arising from the posterior cortex ofthe right kid-

ney and extending into the adjacent posterior pararenal space.

enhancement after the administration of gadolintum con-
trast agents. On the T2-weighted images with fat saturation,
edema and an inflammatory reaction may present with areas
of an increased signal in the renal parenchyma and perirenal
space,30:41:60

Renal Abscesses

Renal abscesses appear as well-defined collections of
fluid in nonlobar distributions. An abscess may present
with a thick wall that enhances after the administration
of contrast agents in CT scans or MRIs and may con-
tain air (Fig. 11.14). Abscesses may extend or rupture
into the perirenal fat. A CT scan is superior to sonog-
raphy in delineating abscesses and the pararenal extent
of inflammation and is preferred when intervention is
planned.®”®® Abscesses may show varied signal intensity
on MRIs depending on the content of fluid within the
abscesses.

Fungal Infections

Fungal infections of the kidney are rare and are seen in
immunocompromised patients. CT findings include a focal
or global lack of contrast excretion, renal mass, renal en-
largement, and filling defects of soft-tissue masses within the
renal collecting system.®®

Xanthogranulomatous Pyelonephritis

Xanthogranulomatous pyelonephritis is an uncommon
inflammatory condition that often follows chronic renal
obstruction. It produces intrapelvic and intracalyceal

collections of fluid or fatty material. The renal parenchyma
is often atrophic and is replaced by accumulated fat, pus,
and cellular debris and calcification.® Calcification in the
collecting system and perirenal abscesses are frequently
present.

Cystic Disease

Cysts in the kidneys are extremely common and an un-
complicated renal cyst can be diagnosed reliably by a CT
scan or an MRI. Simple renal cysts are variable in size
and number. On a CT scan, a simple cyst usually ap-
pears as a well-defined rounded mass of water attenua-
tion (0 to 20 HU), with an imperceptible wall and no
enhancement after the administration of contrast agents.
The MRI appearance of a simple renal cyst is character-
ized by a sharply demarcated, homogeneous, and hypo-
intense mass on Tl-weighted images. The simple cyst
becomes uniformly hyperintense on T2-weighted 1images
and shows no enhancement following contrast medium
administration.””””® Complex renal cysts may be irregular
in shape and have thicker or calcified walls. Fluid within
complex cysts may present with high attenuation (hyper-
dense cysts) on a CT scan or complex signal intensity on
an MRI (bright T1 and dark T2 or bright T1 and T2 imag-
es); in fact, they may simulate solid tumors. Such lesions
require a further diagnostic evaluation with a dedicated
renal CT scan or an MRI protocol, including scanning be-
fore and after the administration of a contrast agent. The
degree of contrast enhancement within a lesion i1s critical
in the characterization of the renal lesion.

Cystic renal lesions are often characterized according to
the Bosniak classification system.’'"> Class I cysts are simple
benign cysts. Class II cysts have one or more thin (<1 mm)
septa running through them, thin areas of mural calcifica-
tion, or fluid contents of increased attenuation; they do not
enhance after the administration of contrast medium and
are benign (Fig. 11.15). Class III cysts are more complicated
and contain thickened septa, nodular areas of calcification,
or solid nonenhancing areas. Such lesions are suggestive of
malignancy and should be biopsied or surgically explored,
although fewer than half will turn out to be malignant. Class
IV cystic masses are clearly malignant, with solid enhanc-
ing nodules or irregular walls, and should be treated accord-
ingly (Fig. 11.16). A subcategory, IIE has been suggested
for lesions with multiple class II features, and these require
follow-up .65,70,74—81

Parapelvic Cysts

Extraparenchymal cysts commonly occur in the renal sinus
(parapelvic or peripelvic cysts). These cysts are often dis-
covered incidentally, are frequently multiloculated, and
may be large enough to displace hilar fat and compress
adjacent renal parenchymas.®>’%"*%! Although they do
not communicate with the collecting system, they may
simulate hydronephrosis because of their proximity to
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FIGURE11.15 Bosniak class [Icyst in the left kidney with slightly higher attenuation contents and subtle peripheral hyperdense rim
on the pre-contrast CTbut no contrast enhancement on the post-contrast CT.

the collecting system. When the diagnosis is uncertain,
a delayed CT scan or an MRI after the administration of
contrast agents can help differentiate unenhanced para-
pelvic cysts from a contrast-enhanced dilated collecting
system (Fig. 11.17).

Autosomal Dominant Polycystic Kidney Disease

In individuals with a positive family history, the diagnosis
of autosomal dominant polycystic kidney disease (ADPKD)
can be established by radiologic imaging. The reported
sonographic criteria® cannot be used with a CT scan or MRI
because these imaging modalities have a higher sensitivity

than US for the detection of renal cysts, particularly small
cysts.®** The kidneys are affected bilaterally in almost all
instances, but may be quite asymmetric. Early in the dis-
ease, the kidney is close to normal in size with a substantial
amount of normal renal parenchyma. However, with disease
progression, the kidneys gradually enlarge as the cysts in-
crease in number and size and replace normal parenchymas
(Fig. 11.18).%

Most ADPKD renal cysts are simple cysts but increase
with complex cysts as the disease progresses. The CT atten-
uation and MRI signal intensity of complex cysts affected
by hemorrhage or infection may vary. ADPKD patients with

FIGURE11.16 Pre- and post-contrast CT of Bosniak class IVcyst in the left kidney demonstrating peripheral nodular enhancement.
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FIGURE11.17 Bilateral parapelvic cysts are shown as bright structures on axial T2 MRI (/ef¢) and water-attenuation cystic structures
on contrast-enhanced axial CT (middle) and coronal CT (right). The parapelvic cysts on axial CT do not enhance but are surrounded by
delayed excretion of contrast medium within the collecting system.An incidental large abdominal aortic aneurysm is noted.

clinically suspected renal infection or pain are referred for
a CT scan or an MRI evaluation of intracystic infection or
hemorrhage.®-’%-7+-81:8:8¢ Byt this is often difficult because
the attenuation and signal intensity values of these cysts vary
depending on the presence of blood products, proteinaceous
mucoid material, or simple cyst fluid. Sequential studies
allow for the evaluation of a fresh hemorrhage and the reso-
lution of hematomas.

Acquired Cystic Disease Associated with
Chronic Dialysis

Patients with acquired cystic disease associated with hemo-
dialysis typically present with multiple bilateral cysts of vary-
ing size in small kidneys (Fig. 11.19). Although sonography
is usually used for a diagnostic evaluation, small fibrotic
end-stage kidneys may be difficult to image with sonogra-
phy®” A contrast-enhanced CT scan or MRI is more sensitive

FIGURE11.18 ADPKD on coronal MRimages.Innumerable cysts occupying markedly enlarged bilateral kidneys on T2 (left) and
Tl (right) MRimages. Simple cysts are of bright T2 and dark Tl signal intensity, whereas complex cysts present with intermediate to

bright TI signal intensities. Extensive hepatic cysts are also present.
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FIGURE11.19 Contrast-enhanced CTshowing multiple cysts
of varying sizes in both kidneys that are markedly atrophied.

to determine the extent of the disease, cyst complications,
and renal carcinomas.? " Because of limited or an absent
renal function of these individuals and the presence of nu-
merous simple and complex cysts, an MRI is the preferred
modality for the evaluation of potential renal malignancies.
Nevertheless, a contrast-enhanced CT scan may also be used
if patients are receiving dialysis.”’

Vascular Pathologies

Renal infarcts typically present as clearly marginated wedge-
shaped peripheral areas of low attenuation on contrast-
enhanced CT scan (Fig. 11.20) or low signal intensity on
contrast-enhanced MRI. A parenchymal atrophy caused by
chronic vascular insufficiency may be detected on a CT scan
or MRI.

A CT scan or an MRA is used to assess the number and
size of the renal arteries, which 1s crucial for the evaluation of
a renal donor for transplant. A CTA and an MRA have largely
replaced conventional catheter angiography for this applica-
tion. A CTA and an MRA can also demonstrate renal artery
aneurysms or stenosis (Fig. 11.21), arteriovenous malforma-
tions, and focal or diffuse stenoses caused by atherosclero-
sis, connective tissue disease, or fibromuscular dysplasia.
Although the 3D gadolintum-enhanced protocol is the pre-
ferred technique for an MRA, new time of flight MR protocols
have been mtroduced to image renal vessels without gadolin-
ium for patients with a severely compromised renal function.

Renal vein thrombosis typically presents with intra-
luminal filling defects and vein enlargement (Fig. 11.22).

FIGURE11.20 Contrast-enhanced CTdemonstrating bilateral
multiple renal infarcts as wedge-shaped nonenhancing low-
attenuation areas.

Acute venous occlusion may result in renal enlargement
and parenchymal edema and, occasionally, hemorrhagic
infarction. A contrast-enhanced CT scan or an MRI may
show a persistent nephrogram and delayed contrast excre-
tion. A parenchymal atrophy and the development of ve-
nous collaterals may be followed with chronic renal vein
thrombosis.>”'*

FIGURE11.21 Contrast-enhanced coronal MRangiography
showing a focal stenosis near the origin of left renal artery

(arrow).
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FIGURE11.22 Contrast-enhanced
CT showing a low-attenuation filling
defect (arrow) in an expanded right
renal vein consistent with renal vein
thrombosis.

Renal Transplant Evaluation

The structural integrity of renal allografis and common
peritransplant complications (hematomas, urinomas, lym-
phoceles, and abscesses) can be readily assessed with a CT
scan or an MRI. However, the characterization of graft dys-
function, such as the differentiation of rejection and acute
tubular necrosis (ATN), remains challenging by any radio-
logic imaging method. Recent applications of functional MRI
techniques including diffusion, blood oxygen level depen-
dent (BOLD), and sodium MRI are promising for the non-
invasive evaluation of graft dysfunction'® but are not ready
for routine clinical application. A CTA or an MRA are very
useful for the evaluation of the allograft vasculature includ-
ing arterial or venous stenosis and aneurysm.””'?

Renal Tumors

The evaluation of hematuria is a common reason for a urol-
ogy referral. Historically, the workup included IVU, urine
cytology, and cystoscopy. Other imaging modalities available
for hematuria workup include a CT scan, ultrasonography,
an MRI, and a retrograde pyelography. In particular, MDCT
1s increasingly used as a single-imaging comprehensive eval-
uation of a patient with hematuria. The unenhanced phase
of the CT scan is highly reliable for diagnosing urolithiasis.
The enhanced nephrographic phase aids in the detection
of renal parenchymal masses. The excretory phase with 3D
reformation allows for the evaluation of the entire urothe-
lium. MDCT has been shown to have high sensitivity in
detecting upper tract urothelial cancers. Some investigators
add a corticomedullary phase to characterize the renal artery
and vascularity of parenchymal renal masses. One concern
about this comprehensive CT technique is the radiation dose

to the patient, and some vestigators advocate not covering
the entire abdomen and pelvis in all phases of the examina-
tion in order to limit the radiation dose.**>"%*°

An MRI is equivalent to a CT scan in its ability to de-
tect renal lesions of approximately 1 cm>® and in detecting a
lymphadenopathy>® An MRI detects polar lesions better than
a CT scan and has up to 100% sensitivity in detecting a renal
vein invasion. Most renal tumors, including benign lesions,
enhance on CT scans and MRIs. T1-weighted chemical-shift
MRIs are highly reliable for the detection of fat content within
renal lesions. With fat saturation sequences, the fatty portions
ofamass drop in signal, which is diagnostic of a fat-containing
renal mass such as angiomyolipoma. After the exclusion of
angiomyelolipomas and in the absence of lymphoma and
metastatic disease, all other enhancing renal lesions represent
surgical lesions. Unfortunately, neither CT scans nor MRIs can
reliably differentiate some benign enhancing tumors such as
oncocytomas from renal cell carcinomas.?*-7-26:65-71.94,101-109

Benign Tumors

Angiomyolipoma

Angiomyolipomas are benign lesions composed of variable
amounts of fat, smooth muscle, and abnormal blood vessels.
They occur spontaneously in the general population, mainly
in women in the fifth decade of life. In patients with tuberous
sclerosis, they occur at a much younger age and are frequently
multiple, with an incidence of 50% to 80%."'*!'" A confident
diagnosis can be made with a CT scan if the fatty tissue predom-
inates. The tumor may grow very large in size and may extend
into the perinephric space. An intralesional hemorrhage often
occurs. The MRI appearance of angiomyolipomas depends on
the amount of fat, smooth muscle, and vessels within the lesion.
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FIGURE11.23 Angiomyolipoma (arrow) in the left kidney with bright signal intensity similar to the surrounding body fat on Tl -

weighted MRIwithout fat saturation (left) but showing a signal drop on Tl-weighted with fat saturation (vight).

Angiomyolipomas composed predominantly of fat present with
signal intensity on T1- and T2-weighted images similar to the
surrounding fatty structures and demonstrate a signal drop on
the fat suppression sequences (Fig. 11.23).0>-10%110.112

Renal Oncocytomas

Renal oncocytomas are rare tumors that typically appear as
smoothly marginated, homogeneously enhancing solid masses.
These masses may demonstrate a characteristic central linear
area of lower attenuation (stellate central scar) on a contrast-
enhanced CT scan. But, this appearance on CT is found in
only a small proportion of these tumors and is not specific, and
the diagnosis of these benign masses necessitates an operative
biopsy/resection (Fig. 11.24).70>76:105107° A recent CT study
reported that the segmental enhancement version between
two phases of a contrast-enhanced CT scan was significantly
more frequent in oncocytomas than in renal cell carcinomas
and could be diagnostically useful in differentiating the two.'"?

Renal Adenomas

Renal adenomas are indistinguishable from other solid renal
masses on CT scans or MRIs. They may show variable con-
trast enhancement and may present as a contour abnormal-
ity or distortion of intrarenal anatomy, necessitating further
workup and intervention.'"*

Malignant Tumors
Renal Cell Carcinoma

Renal cell carcinomas are a relatively common malignancy. Their
appearance on CT scans and MRIs varies with the size and tu-
mor vascularity. Tumors may distort the renal contours or alter
intrarenal architecture (Fig. 11.25). On a CT scan, their attenu-
ations are similar to those of the surrounding renal parenchyma
in unenhanced mmages. Tumors often enhance heterogeneously

on enhanced CT scans, with central areas of low attenuation
(Fig. 11.26). On an MRI, tumors demonstrate a variable signal
on both T1- and T2-weighted images. The most common ap-
pearance i1s a heterogeneous mass of low-to-intermediate sig-
nal on T1-weighted images that increases in signal tensity on
T2-weighted images. Dynamic CT scans or MR scanning after a
bolus of contrast may demonstrate an intense enhancement of
relatively vascular tumors and retroperitoneal feeding of collat-
eral vessels.””"!'>''7 An extension of the tumor into the perirenal

FIGURE11.24 Contrast-enhanced CT'showing an oncocytoma
in the right kidney with mixed areas ofenhancement and low

attenuation.This is difficult to differentiate from renal cell cancer
based on imaging alone.
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FIGURE11.25 Contrast-enhanced CT
showing a subtle left renal cell cancer
replacing the left renal sinus fat.

fat or the adjacent liver, spleen, or paraspinous musculature; an
interruption of the perirenal fascial planes, renal veins, and in-
ferior vena cava; and perihilar and perivascular adenopathy can
be assessed accurately by CT scans or MRIs. MRIs and CT scans
have been shown to be comparable in the diagnosis and the stag-
ing of renal cell carcinomas. Because of greater spatial resolution,
a CT scan 1s superior to an MRI in detecting small lesions, and
an MRI has not been used as a screening tool i patients with
hematuria. However, MRIs have been shown to be more accurate
than CT scans in tumor staging. MRIs are particularly beneficial
for the evaluation of the patency of the renal veins and inferior
vena cava, the delineation of perivascular lymphadenopathy; and
the extension of the tumor into adjacent organs.”''>'!” Three-
dimensional image reconstructions of renal tumors can be ob-
tained with MDCT.”®'"® This information can help the surgeon,
especially ifa partial nephrectomy is being considered. CT-guided
radiofrequency ablations of renal cell carcinomas are an alterna-
tive treatment option, particularly in patients that are not surgical
candidates. CT scans are also used to follow these patients to as-
sess for residual disease or recurrence,’*0-6:93-102:106.108. 119124 1y
many nstitutions, a CT scan 1s the technique of choice for the
diagnosis and staging of renal cell cancer; an MRI 1s used when
a contrast-enhanced CT scan is contraindicated, or if frequent
follow-up is required in high-risk patients.”'>~'!7

Renal Lymphoma or [eukemia

Primary lymphoma of the kidney is rare because there 1s no lym-
phatic tissue within the kidneys. Renal mvolvement may be due
to hematogenous spread or contiguous invasion from an adjacent
retroperitoneal lymphadenopathy. The kidneys are more com-
monly involved in non-Hodgkin lymphoma than in Hodgkin
lymphoma, particularly when the disease has relapsed.'* %’

Renal lymphoma has a variable radiologic appearance
on CT scans and MRIs. The most common pattern is multi-
ple masses that are of the same or slightly higher attenuations
than normal renal parenchyma on an unenhanced CT scan
and are low to intermediate in signal intensity on T1- and T2-
weighted MRIs. Lymphomas are hypovascular tumors and
demonstrate lower contrast enhancement than normal renal
parenchymas'?'%” on contrast-enhanced CT scans or MRIs

FIGURE11.26 Contrast-enhanced CT'showing a large right renal
carcinoma with heterogeneously enhancing solid areas and necrosis.
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FIGURE11.27 Contrast-enhanced CTshowing a low-attenuation
mass in the left kidney consistent with lymphoma.

(Fig 11.27). Other appearances include a direct invasion
from adjacent retroperitoneal lymphadenopathy, an infiltra-
tive pattern with renal enlargement, or a solitary mass.'*>~'%’

Leukemic renal infiltration is frequently seen at a
postmortem examination and can be associated with renal
impairment. It may present as unilateral or bilateral renal
enlargement or focal mass or masses.'*®

Metastatic Disease

Primary tumors that may metastasize to the kidney include
carcinomas of the lung, breast, adrenal gland, and colon;

malignant melanoma; and non-Hodgkin lymphoma.*"*

These tumors may present as either a solitary or multiple
focal mass that demonstrates less enhancement than normal
renal parenchyma on a contrast-enhanced CT scan or an
MRI. The direct extension of extrarenal retroperitoneal tu-
mors may lead to renal obstruction and a loss of function.*!**

Renal Sarcomas

Sarcomas of the kidney are rare. They present as solid masses
that may grow very large in size and vary in their degree of vas-
cularity.'* Large tumors often contain central areas of necrosis.
The imaging characteristics are nonspecific, making it difficult
to distinguish a renal sarcoma from a renal cell carcinoma.

Transitional Cell Carcinoma

Transitional cell carcinomas of the renal collecting system and
ureter present with three characteristic appearances on a CT
scan or an MRI: sessile soft-tissue filling defects in the lumen of
the enhanced collecting system (Fig. 11.28) or ureter; thickening
of uroepithelial wall; or infiltrating nonenhancing renal masses
(Fig. 11.29). Tumors may be smooth or papillary in contour
and may cause ureteral obstruction and renal functional impair-
ment. In addition to assessing the collecting system and ureter,
CT urography allows us to detect and characterize renal lesions
and extrarenal masses and is more sensitive in detecting renal
calculi.?®3243->234693.130° A CT urography is also the imaging of
choice for tumor staging, demonstrating the mvasion of peri-
hilar fat and associated lymph node enlargement. Alternatively,
an MR urography can be used to assess the collecting system in
patients with a contraindication to iodinated contrast CT scans.

Renal Trauma

Renal injury is common, occurring in 8% to 10% of the cases of
blunt and penetrating abdominal trauma. About 90% of renal
injuries result from blunt force injury and 10% from penetrating

FIGURE11.28 TCCin right kidney presenting as a filling defect on the excretory phase (left) and demonstrating subtle enhancement
on an earlier enhancement phase (right).
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FIGURE11.29 TCCin left kidney presenting as diffuse infiltrating
mass that effaces the normal corticomedullary differentiation,
resulting in a faceless kidney.

trauma, but vary somewhat with location. The clinical indica-
tions for the imaging evaluation of the genitourinary system
depend on several factors, including the overall hemodynamic
status of the patient, other mjuries sustained, the site of blunt
or penetrating trauma, and the presence or absence of gross
hematuria.*’~%"*! The American Association for the Surgery of
Trauma (AAST) has devised a renal injury severity score based
on surgical observations. A CT grading scale following the sur-
gical management is classified as grade I, a minor contusion
with or without concomitant subcapsular hematoma; grade II, a
superficial laceration without the mvolvement of the collecting
system; grade III, a deep parenchymal laceration with or with-
out urinary extravasation; and grade IV, a renal pedicle injury.

The majority of blunt renal injuries are CT grades I and 11
and are managed conservatively without intervention.>”%!3!
Contusions are visualized as ill-defined low attenuation areas
with irregular margins in the renal parenchyma. They may ap-
pear as regions with a striated nephrogram due to differential
blood flow through the contused parenchyma or as focal areas
of renal parenchymal extravasation on delayed CT studies
(Fig. 11.30). These lesions usually resolve during follow-up
imaging.’”>*'*! More significant renal trauma may or may not
require intervention by angiography or surgery. Controversy
exists over the management of grade III injury, with the most
recent trend favoring conservative therapy. Grade IV and pen-
etrating renal injuries are surgically explored.'?* >4

Patients with suspected renal ijuries who are clinically
stable can benefit greatly from a CT assessment. A contrast
enhanced CT scan can detect renal contusions and lacerations.
Lacerations present with irregular streaks of low attenuation

FIGURE11.30 Unenhanced CTshowing a focal hyperdense area in
the right kidney consistent with contusion.Contrast in the collecting
system is from contrast-enhanced CT'performed a day prior.

within the contrast-enhanced renal parenchyma and are classi-
fied as incomplete lacerations (affecting the renal parenchyma
without communicating with pelvicalyceal structures) and
complete lacerations (interrupting the collecting system). Sub-
capsular hematomas are shown as a lower density intracapsular
hemorrhage compressing the enhanced kidney (Fig. 11.31).

FIGURE11.31 Contrast-enhanced CI'showing a large left sub-
capsular hematoma displacing the left kidney.
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Extravasated blood varies in its CT scan attenuation value,
depending on the age of the hematoma and the hemoglobin
content. With fluid collections filling the perirenal or pararenal
spaces and displacing the kidney, a perirenal hemorrhage or
urine extravasation (best seen on delayed images) should be
considered. Fresh blood may have a higher attenuation value
than extravasated urine in an unenhanced CT scan. Renal in-
farction may occur with a segmental occlusion of polar arteries
due to trauma.'**** On a CT scan, catastrophic renal injuries,
such as shattered kidneys, can be easily detected (Fig. 11.32).
Concomitant injuries to other visceral organs may be pres-
ent.>*** When there are underlying renal abnormalities in-
cluding renal cysts, tumors, and hydronephrosis, relatively
minor trauma may result in major injuries to kidneys, thereby
confounding the diagnosis.
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