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Multidetector CT of the kidney

Abstract The technological develop-
ment of multidetector CT offers new
possibilities for better imaging of
organic structures that can be used in
diagnosis of the kidney. The thinner
slices allow a better spatial resolution,
and slice fusion allows improved
contrast resolution. The isotropic
voxel has been realized in the latest
64-channel scanners. The image
quality of arbitrarily reconstructed
planes has arrived at the image quality
of the scan plane. Faster scanning
allows studies in different contrast
phases, which is helpful for better
discrimination of benign or malignant
lesions especially in the highly vas-
cularized kidney. Different phases of
contrast uptake can be differentiated

(arterial, cortico-medullary, nephro-
graphic, and excretory phase). Multi-
detector CT brings along the risk of
increased dose due to thinner slice
collimation and overranging phenom-
ena. Indications for CT investigation
of the kidney include urolithiasis,
tumor diagnosis and staging, renal
trauma, and vascular disease. Even in
children, special indications for CT of
the kidney remain in polytrauma and
tumor staging. Multidetector CTof the
kidney has become a very valuable
tool in urology, but a careful protocol
strategy is mandatory.
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Introduction

Computerized tomography (CT) of the abdomen usually
covers the kidneys. This may lead to detection of renal
cysts, anatomic variants and even solid masses of the
kidneys.

Specific indications for CT investigation of the kidneys
include detection of urinary stones, suspicion of renal
tumor, tumor staging, diagnosis of renal trauma, vascular
disease, and severe infection, such as renal abscess or
emphysematous pyelonephritis. An uncomplicated acute
infection is not an indication for renal CT. In any case, CT
protocols should be tailored to the clinical problem.

Multidetector CT—technological aspects

CT technology has developed rapidly over the past years
with 4-, 8-, 16-, 32- and 40-row detector scanners (Table 1).

Multidetector CT (MDCT) scanners allow for fast
investigation with high spatial resolution [1]. Narrow
collimation results in isotropic voxels in 64-channel
MDCT scanners of recent release. Images in arbitrarily
reconstructed planes come close to the image quality in the
original scan plane. Small slice thickness improves the
detection of small structures and allows better discrimina-
tion of solid and cystic structures as partial-volume effects
diminish. Slice fusion options improve contrast and
contrast-to-noise ratio.

Due to short scan times, the kidneys can be depicted in
well-defined (dynamic) phases of contrast enhancement, so
that lesions can be characterized more precisely.

In practice, it is advisable to choose a reconstruction
thickness of 3–5 mm as a compromise between spatial
resolution and contrast-to-noise ratio. Depending on
radiological findings, reconstructions in other planes and
slice thickness down to the submillimeter range can be
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added (depending on scanner type and number of detector
rows available).

Multidetector CT increases dose as a result of thinner
collimation, overbeaming, and overranging effects. For
example, in four-row scanners, effective dose is about 30%
higher with a collimation of 1 mm than with a collimation
of 2.5 mm. For that reason, and because the interval of
breath-holding decreases, a collimation of 2.5 mm is
recommended in these scanners. In current multidetector
scanners with more than four rows that allow for two
different collimations (millimeter and submillimeter),
radiation dose increases only by about 10% when the
smaller collimation is chosen.

In spiral technique, additional tube rotations have to be
performed at the beginning and at the end of the scan range
because adjacent data from both sides are necessary for
image reconstruction (interpolation). Therefore, the
scanned volume exceeds the reconstructed volume. The
number of additional rotations depends on pitch, cone
beam correction, and scanner type. The overranging effect
may cause considerable increase of dose [2].

Dose limitation is possible with the application of dose
modulation software. Dose modulation is based on the
principle that decrease in body diameter (i.e., the antero-
posterior diameter when compared to the lateral diameter)
translates into decrease in radiation necessary to obtain a
certain contrast-to-noise ratio in the resulting CT image
data.

Images are usually reconstructed in the transversal plane.
The coronal plane is suitable for reconstruction of an “in
situ” perspective that resembles the view of the abdominal
or urologic surgeon.

The multiplanar reformation (MPR) describes the option
of arbitrary plane reconstruction from voxel data sets.
These planes can be chosen in an orthogonal plane
(sagittal, coronal), oblique plane or even in a curved planar
reconstruction (for example, for course of vessels). Best
reconstruction results are obtained in a pseudo-two-
dimensional display with isotropic voxels.

Maximum intensity projection (MIP) depicts the struc-
tures of highest CT density within a volume of interest.
Volume rendering technique (VRT) is an image-processing
option that emphasizes regions of selected CT density
range [3, 4], thereby accentuating specific tissues or
organs.

Investigation protocols

Preparation

To guarantee optimal excretion of contrast media during
renal CT, sufficient hydration of the patient is essential.
This can be achieved by oral or intravenous administration
of fluid volume. However, concomitant disease, such as
cardiac or renal insufficiency, has to be considered.
Hydration may also minimize nephrotoxic effects of

Table 1 Multidetector CT
scanners of latest generation

a64×0.6 mm data channels
achieved using 32×0.6 mm
detectors and z-axis flying
focal spot

Scanner Number of data
channels (×mm)

Total detector
length z-axis (mm)

Gantry rotation
time (s)

GE LightSpeed VCT 64×0.625 40 0.35
Philips Brilliance 64 64×0.625 40 0.40
Siemens Sensation 64 64×0.6a, 24×1.2 28.8 0.37 (0.33 option)
Toshiba Aquilion 64 64×0.5 32 0.40

Table 2 Investigation protocols for the kidney

Parameters Unenhanced Portal venous phase Nephrographic phase Excretory phase

Tube voltage (kV) 120 120 120 120
Pitch 0.9–1.5 0.9–1.5 0.9–1.5 0.9–1.5
Tube current time product (mAs) 150–200 (S) 30–50 (L) 150–200 (S) 150–200 (S) 150–200 (S) 30–50 (L)
CTDIw (mGy) 12–14 (S) 2–3 (L) 12–14 (S) 12–14 (S) 12–14 (S) 2–3 (L)
Reconstructed slice thickness (mm) 3.0 3.0 3.0 3.0
Contrast media volume (ml) 120 80–120
Delay (s) appr. 70 80–100 appr. 600
Indications
Urolithiasis Low dose – – –
Renal tumor Standard dose – Standard dose Low dose
Ureteral tumor Standard dose – Standard dose Standard dose
Pelvic tumor – Standard dose – Low dose
Staging – Standard dose – Low dose

(S) Standard dose, (L) low dose
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intravenous contrast media. Simultaneous filling of the
gastro-intestinal tract with oral contrast media may be
useful. Interfering effects may occur with CT arteriography
or CT urography and the application of positive oral
contrast media.

Unenhanced CT

Unenhanced CT can be used for the detection of stones
within the urinary tract. A low-dose technique may be
applied for this indication. In CT protocols including
different phases of contrast enhancement (e.g., protocols
for tumor characterization) an unenhanced scan is helpful
for verification of fat (for instance, in angiomyolipoma or
adenoma), detection of blood (increased CT density and
lack of contrast enhancement), and detection of calcifica-
tions (e.g., complex cystic lesions or renal cell carcinoma).

Contrast enhancement

Imaging of the kidneys in different phases after intravenous
contrast media administration depends on sequential arrival
of blood carrying contrast media in different parts of the
renal parenchyma. Imaging phases have to be selected
carefully in accordance with clinical indication (Table 2).

The arterial CT phase is reached about 20–30 s after
commencement of intravenous contrast media injection
(for renal arteriography, a contrast bolus of 3.5 ml/s is
desirable). Alternatively, a test bolus scan or a bolus
tracking program can be applied for optimal start of the
arterial scan. In the arterial phase, renal arterial stenosis or
evaluation of stent implantation can be judged, and acute
bleeding can be detected or ruled out.

The cortico-medullary CT phase (about 30–70 s after i.v.
contrast) shows high contrast in the renal cortex. Early

opacification of renal veins is also detectable. The renal
medulla demonstrates with low contrast. The cortico-
medullary phase is suitable for depiction of vascular renal
anatomy (aneurysm, arteriovenous malformation, fistula)
[5]. If a solid lesion appears hyperdense in this phase, it has
to be considered to be malignant because renal cell
carcinoma is often hypervascularized. Nevertheless, the
cortico-medullary phase is not mandatory for the tumor
protocol (Table 2), since the nephrographic phase is more
sensitive for tumor detection [6–9].

The nephrographic CT phase (80–120 s) shows renal
cortex and medulla with equal enhancement. Solid renal
lesions usually appear hypodense. This phase is recom-
mended for tumor detection [8]. For optimization of
nephrographic phase imaging, some authors prefer the
bolus-tracking technique [10].

The excretory CT phase (more than 180 s after
intravenous contrast media administration) shows the
opacified renal pelvis, ureter and urinary bladder (complete
filling of the urinary bladder with contrast media usually
takes about 20 min). Optimal time delay of ureteral filling
has been reported to be about 10–15 min [11]. Wall
thickening of renal pelvis or ureter, or tumor extension into
the renal pelvis presents as a hypodense filling defect that
stands out against the contrast media within the lumen of
the urinary tract. Substantial dose reduction currently
cannot be recommended in cases of intrinsic urinary tract
lesions.

If the excretory CT phase is performed additionally in
the tumor-staging protocol when obstruction of the urinary
tract from the outside is suspected, substantial dose
reduction may be reasonable. As a supporting technique,
prone positioning of the patient and compression of the
kidneys for better depiction of the ureters have been
discussed [12–14]. The application of furosemide was

Fig. 1 Horseshoe kidney (4-row multidetector CT)

Fig. 2 Bosniak cyst type IV on the right side, status post
nephrectomy on the left side (64-row MDCT)
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reported as a valuable measure [15, 16]. In MDCT a
relatively small volume of contrast media (30 ml) may be
sufficient for a good calyceal visualization [17].

In consideration of five distinct phases of renal CT, a
selection has to be made for clinical indications to avoid
accumulation of dose [18]. Effective dose was measured

about 15 mSv for CT urography. Effective dose can vary
depending on the number of abdominal scans [19].

In split bolus technique, intravenous contrast media is
applied at two different time points (e.g., with an interval of
10 min) before a single CT scan of the kidneys and urinary
tract is obtained. The urinary tract is opacified with
excreted contrast media from the first bolus when the scan
commences after the second bolus of contrast media. If the
scan is started such that there is a delay of 80–120 s after
commencement of the second bolus, the kidneys are
depicted in the nephrographic phase, while the renal
collecting systems and the ureters are depicted in the
excretory phase. Therefore, only one scan is necessary for
investigating two contrast media phases [13, 20].

For investigation of children, MRI appears more suitable
in most cases [21, 22]. However there are rare indications
that require rapid action, such as polytrauma. In this case,
dose reduction can be adjusted to noise or body weight [21,
23, 24]. Tumor staging of nephroblastoma by means of CT
has been proven to be reasonable in children [25].

Renal disease

Anatomic anomalies and variations

Unilateral renal agenesis, renal duplication, ureter duplex,
ureter fissus, horseshoe kidney (Fig. 1) [26] or pancake
kidney, minor malrotation (with slight ventralization of
pelvis) are chance findings in abdominal CT performed for
other clinical indications [27, 28]. Fetal lobulation of the
kidney persists frequently in children, but rarely in adults
[29]. The reconstruction in other planes, especially in the
coronal plane, is helpful for exact anatomic location. A
specific renal CT protocol is usually not necessary. A low-
dose excretory CT phase improves delineation of a ureteral
variant (e.g., exact anatomic situation of a ureter fissus).
Vascular anomalies, such as accessory renal arteries or
atypical arterial or venous branches, should always be
described as a radiological finding.

Table 3 Bosniak classification of renal cysts

Bosniak
category

Malignancy Features

I Benign Hairline thin wall, no septa, no calcification, no contrast enhancement, no solid
components, cyst content with water density

II Probably benign Hairline thin wall, few hairline thin septa, fine calcification, no contrast
enhancement, no solid components, cyst content >20 HU

II F Probably benign More hairline thin septa, minor contrast enhancement, nodular calcifications, no
solid components, cyst content >20 HU

III Malignant in approximately 30% of cases
= potentially malignant

Indeterminate cystic masses, irregular thickened wall, irregular septa, contrast
enhancement, no solid components

IV Malignant Clearly malignant cystic lesions, contrast enhancement, solid components

Fig. 3 a Cyst with hemorrhage (unenhanced axial scan) (4-row
MDCT). b Cyst with hemorrhage and cyst with small septum
(Bosniak II cysts in cortico-medullary phase of contrast enhance-
ment, 4-row MDCT)
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Cystic renal masses

Solitary renal cysts are found frequently and do not have
pathological significance. The criteria of an uncomplicated
cyst that does not need follow-up are water-like CT density,
no contrast enhancement (<10 HU), no septa, no solid
parts, no rim enhancement, no calcification. Solitary renal
cysts are generally classified according to Bosniak
(Table 3, Fig. 2) [30, 31].

A cyst with hemorrhage (Fig. 3a and b) may be
suspected to represent a solid lesion when no unenhanced
scan has been performed. Such a cyst has a CT density of
approximately 40–60 HU (>20 HU). Contrast opacity or
hemorrhage cannot be differentiated by contrast-enhanced
CT.

An infected cyst may show increased CT density values
(about 20–30 HU) without contrast enhancement in the

central liquid part. However rim enhancement is frequent
in case of abscess.

Polycystic kidneys have to be judged carefully. The
cysts often show with septa, hemorrhage of different age,
or calcifications. Small, solid contrast-enhancing parts
have to be suspected to be malignant.

The classification of Potter describes congenital anoma-
lies of the kidneys with predominantly polycystic mal-
formations. Even unilateral and bilateral agenesis of the
kidney is described by this classification. CT investigations
of adults may reveal the adult form of polycystic disease
(Potter type III) with autosomal dominant trait. Cysts often
demonstrate hemorrhage (in about 70%) and calcifications

Fig. 5 Small urothelial carcinoma on the left side (arrow)
presenting as a low-density lesion outlined on three sides by high-
density urine with excreted contrast media in the excretory phase of
renal CT (4-row MDCT)

Fig. 4 a,b 64-row MCDT. a Bilateral renal cell carcinoma. Right
Large, dumbbell-shaped tumor with irregular anterior margin
(arrow), implying extracapsular extension (T3a). Left Small,
latero-posterior tumor with smooth contour (arrowhead), implying
restriction to the renal capsule (T1). b Renal cell carcinoma with
tumor thrombus extending into the inferior v. cava

Fig. 6 Renal abscess (arrow), kidney stones (arrowheads) in
infectious complication of calculus disease with severe pyelone-
phritis. Note inflammatory thickening of Gerota’s fascia and
Zuckerkandl’s fascia (curved arrows) (4-row MDCT)
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(<50%). However the incidence of malignancy is not
elevated [3].

Polycystic kidneys can be found in von Hippel-Lindau
syndrome. Small, contrast-enhancing solid parts have to be
considered to be angioblastoma or renal cell carcinoma
(increased risk of approximately 35%, often bilateral or
multicentric) [3]. Long-time dialysis is a reason for
acquired polycystic kidneys with increased risk of renal
cell carcinoma [32].

Solid tumors

Oncocytoma

Oncocytomas are benign tumors (3–5% of all renal
tumors). The typical spoke-wheel pattern is characteristic,
but the discrimination from renal cell carcinoma is not
possible in all cases [3, 33].

Angiomyolipoma

Angiomyolipoma is a benign hamartosis. Angiomyolipo-
ma consists of atypical muscle fibers, blood vessels and fat
tissue [3]. If a solid lesion reveals CT density values of fat,
angiomyolipoma is highly probable. Only if the fatty
regions are very small [34] or the solid part is growing in
follow-up investigations, must renal cell carcinoma be
considered as a differential diagnosis. Calcifications may
indicate malignant tumors. Angiomyolipoma of the
kidneys can be associated with lymphangioleiomyomatosis
of the lung and with tuberous sclerosis (Bourneville-
Pringle syndrome).

Renal cell carcinoma

Renal cell carcinoma (Fig. 4a and b) is the most frequent
malignant tumor of the kidney (3% of all adult neoplasms)
[40]. The prognosis of T1 or T2 tumor is very good. About
one-third of all tumors are reported to be found by chance
[3]. Reports vary from approximately 25–50% [35–38]. CT
of the abdomen performed for other reasons sometimes
detects small, solid renal lesions that suggest renal cell
carcinoma.

Renal cell carcinoma is most frequently hyperdense in
the cortico-medullary phase, and hypodense in the
nephrographic phase.

The nephrographic phase can define tumorous areas in
most cases. Studies have shown that specificity and accuracy
increase when both phases are combined. During tumor
staging, tumor thrombus in the renal vein or v. cava has to be
considered [41]. Multidetector-row CT and MR imaging

Fig. 8 a,b 16-row MDCT. a Renal trauma with extensive
retroperitoneal bleeding. Note right-sided renal parenchymal frac-
ture (arrow) and perirenal and pararenal hematoma with anterior
bulging of Gerota’s fascia (arrowhead) and anterior displacement of
renal fragments. b Coronal plane of renal trauma (same patient)

Fig. 7 Pyelonephritis with wedge-shaped hypodense areas (arrow)
of delayed contrast enhancement in the nephrographic phase of renal
CT imaging (4-row MDCT)
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achieve similar accuracy in tumor staging of renal cell
carcinoma [42]. A better differentiation of T2 and T3a
tumors (perirenal fat infiltration) is decisive for surgical
procedure (nephron sparing surgery or radical nephrectomy)
[43].

Urothelial carcinoma (transitional cell carcinoma)

Tumors of the renal pelvis and ureter (Fig. 5) can be
detected by CT. A CT protocol in the excretory phase with
a slice thickness of 3 mm is useful. Structures of soft-tissue
density bulge against the hyperdense renal pelvis, or the
wall may be partially thickened. MPR is recommended for
detection of multicentric lesions [39]. Radiation dose
should not be selected too low in order to guarantee sure
tumor detection for most with weight or body-mass-index
adaptation.

Inflammatory diseases of the kidney

Suspicion of renal abscess (Fig. 6) can be an indication for
CT investigation. Liquid parts show increased CT density
values (10–30 HU). Inclusion of gas implies a serious
complication of infection with gas-producing bacteria.
Fungus disease may show microabscesses that may calcify.

Pyonephrosis is an infection of an entire kidney that is
affected by hydronephrosis. The renal parenchyma reveals
hypodense CT values, while the renal pelvis is filled with
pus and urine and demonstrates with low positive CT
density (10–50 HU). CT signs of renal tuberculosis are not
specific. Abscesses and calcifications can be detectable.

Xanthogranulomatous pyelonephritis is a chronic inflam-
mation of the kidney secondary to urinary obstruction.
Parenchymal calcifications and calculi in the pelvis are
frequent findings. The affected kidney is mostly enlarged
with hypodense areas that correspond with debris and
xanthomatous cells. Differential diagnosis is tumor mass [3].

The uncomplicated urinary tract infection is no CT
indication [44]. Nevertheless, it can be found in a routine
abdominal CT by chance and should be detected correctly.
Wedge-shaped focal areas appear slightly hypodense in the
nephrographic phase (Fig. 7). CT morphology may be
similar to tumor. Differentiation from abscesses is
necessary.

Renal trauma

Haematoma

Polytraumatized patients are usually investigated by means
of abdominal CT after intravenous contrast enhancement

(generally, in the portal-venous phase, with a slice
thickness of 5 mm). Renal injury can be detected with
this protocol [45, 46].

Renal haematoma can present as a retroperitoneal mass
(subcapsular, perirenal, pararenal) (Fig. 8a and b) deriving
from the kidney. The CT density is typically about 60 HU.
Active bleeding may lead to contrast enhancement within
the haematoma and reach tremendous extents, spreading
over the whole retroperitoneal space.

Injury of renal pelvis or ureter

Free fluid is apparent and is usually located in the
retroperitoneum. The injury of the urine-collecting system
can be shown in the excretory phase due to extravasation of
contrast-enhanced urine into the retroperitoneum.

Rupture or injury of the renal hilum demonstrates with
unilaterally devascularized kidney or contrast deposit at the
renal hilum.

Urolithiasis

Unenhanced CT has evolved as a well-accepted alternative
to intravenous urography in patients with suspicion of
urolithiasis [47, 48]. Higher diagnostic accuracy and better
economic impact have been reported [49]. Numerous
authors have confirmed that unenhanced scans of the
kidney and urogenital organs can be performed for
detection of calcified stones with considerably reduced
dose [50–53]. Three-dimensional reconstruction allows for
highly accurate determination of the volume of renal
calculi [54]. It has been reported that the soft-tissue “rim”
sign is helpful for differentiation between ureteral stones
and phleboliths [55].

Renal vascular disease

Renal artery stenosis is a rather common finding. CT is
helpful for follow-up of interventional treatment (balloon
dilatation or stent implantation). Spontaneous renal artery
dissection can be revealed by helical CT angiography [56].

Conclusion

MDCT offers manifold advantages for image quality in
comparison with single slice CT. The realization of
isotropic voxels allows reconstruction in arbitrary planes
and in three spatial dimensions. This may be beneficial for
detection of small tumorous lesions, or for individual
surgical planning. Solid lesions and cysts are better judged
by means of multidetector CT, with partial volume effects
being diminished but not abolished. Temporal resolution is
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also improved due to faster tube rotation and greater
detector length. Different phases of contrast enhancement
can be selected, which is especially valuable for character-
ization of solid renal lesions.

MDCT carries the risk of dose accumulation with
increasing number of scans (different contrast media
phases). CT protocols have to be tailored to clinical

indication. Individual CT phases (e.g. unenhanced or
excretory phase) can be performed in low-dose technique.
The application of contrast media should be handled
carefully; accumulative nephrotoxic effects may occur over
a lifetime. The growing age and comorbidity of patients
and complex comedication will become more important in
the future [57].
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