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PURPOSE

The aim of this prospective study was to determine
the efficacy of three-dimensional computed tom-
ography (3D-CT) and three-dimensional computed
tomographic angiography (3D-CTA) that were recon-
structed by using the axial images of the multiphasic
helical CT in the preoperative evaluation of renal
masses and demonstration of renal anatomy.

MATERIALS AND METHODS

Twenty patients that were suspected of having
renal masses upon initial physical examination and
ultrasonographic evaluation were examined through
multiphasic helical CT. Two authors executed CT
evaluations. Axial images were first examined and
then used to reconstruct 3D-CT and 3D- CTA images.
Number, location and size of the renal masses and
other findings were noted. Renal vascularization and
relationships of the renal masses with the neighboring
renal structures were further investigated with 3D-CT
and 3D-CTA images.

RESULTS

Out of 20 patients, 13 had histopathologically proven
renal cell carcinoma. The diagnoses of the remaining
seven patients were xanthogranulomatous pyelone-
phritis, abscess, simple cyst, infected cyst, angiomy-
olipoma, oncocytoma and arteriovenous fistula. In
the renal cell carcinoma group, 3 patients had stage
I, 7 patients had stage Il, and 3 patients had stage
lll disease. Sizes of renal cell carcinoma masses were
between 23 mm to 60 mm (mean, 36 mm). Vascular
invasion was shown in 2 renal cell carcinoma patients.
Collecting system invasion was identified in 11 of 13
renal cell patients. These radiologic findings were
confirmed with surgical specimens.

CONCLUSION

Three-dimensional CT and 3D-CTA are non-invasive,
effective imaging techniques for the preoperative
evaluation of renal masses.
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lesions is very well-known (1). CT is widely accepted as the pre-

ferred imaging technique for suspected renal tumors, and also has
an important role in tumor staging. Benign renal processes, including
cystic disease, renal infection, and benign tumors may simulate malign
renal tumors, and could be defined correctly by CT (2). The improve-
ments in CT technique and increased use of cross-sectional imaging have
facilitated the detection of small or previously undiagnosed renal masses
(3). Helical CT technology further improved renal imaging with decreas-
ing volume-averaging artefacts, eliminating respiratory misregistration
artefacts and allowing image acquisition during the peak intravenous
contrast enhancement (4-7). Helical CT image acquisition has also led to
improved data sets available for three-dimensional imaging (8-10).

To date, the major role of three-dimensional (3D) CT imaging for
renal pathology has concentrated on the non-invasive evaluation of
renal artery stenosis and other renal vascular abnormalities (11-13), but
literature reveals a limited number of studies that describe the use of
3D-CT imaging and 3D-CT angiography (CTA) in renal mass evaluation
(3,8, 14).

The aim of this study was to investigate the efficacy of multiphasic
helical CT, 3D-CT imaging and CTA in the demonstration of renal
anatomy during the preoperative evaluation of renal masses.

T he role of computed tomography (CT) in the evaluation of renal

Materials and methods

Twenty patients (16 females and 4 males) between the ages of 38-75
years (mean, 64 years) were involved in this prospective study. The pa-
tients had applied to physicians with such complaints as flank pain,
hematuria, weight loss and fever, and all were initially evaluated with
ultrasonography. The patients were suspected of having a renal mass
based on ultrasonographic examination results. Thus, a computed to-
mographic examination was proposed for every single case.

Multiphasic helical CT scans were obtained using a Hitachi Radix
Turbo scanner (Kashiwa, Chiba, Japan). No oral contrast agent was ad-
ministered, because it interferes with volume rendering technique. Scan-
ning parameters were as follows: 120 kVp, 175 mAs, and 1 revolution/s
gantry rotation speed.

After obtaining scan projection radiograph, unenhanced CT was per-
formed to localize the kidneys, identify calcifications and renal calculi,
and demonstrate any fat within the lesion. A collimation of 5§ mm, a ta-
ble speed of 5 mm per revolution, and an image reconstruction interval
of 5 mm were used.

For each study, 150 ml of contrast material was injected intravenously
at 4 ml/sec through an antecubital vein. Arterial-phase images were ob-
tained after a 20-second delay with a collimation of 3 mm, table speed
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of 1 mm per revolution, and an image
reconstruction interval of 1 mm. The
arterial phase was used to depict the
renal arteries, which is the most sensi-
tive phase for the detection of multiple
renal arteries and other possible arterial
abnormalities.

Parenchymal-phase imaging was ini-
tiated approximately 240 seconds after
the contrast material injection with a
collimation of 3 mm, a table speed of
2 mm per revolution, and an image
reconstruction interval of 2 mm. The
parenchymal phase was used for lesion
characterization and demonstrating
the collecting system anatomy. In the
arterial phase, small lesions may be
overlooked in the unenhanced renal
medulla and these lesions should be
evaluated in the parenchymal phase
more sensitively.

Thorax and the rest of the abdomen

were scanned with the standard pa-
rameters for disease staging in patients
with malignant masses.

All the axial images were thoroughly
evaluated before the 3D reconstructions
were performed; this is required because
small vessels are easily overlooked on
the 3D image if they are not identified
first on the axial images. Additionally,
in the axial images, the masses were
evaluated for contour characteristics
(regular or irregular), internal structure
of the mass (homogeneous or hetero-
geneous), presence of calcifications and
adipose components to determine their
nature radiologically. Their attenuation
values were compared to that of the
renal cortex, and the degree of contrast
enhancement was determined.

After the axial images were thor-
oughly examined, they were used to
produce 3D images via embedded soft-

ware of the CT equipment. Three-di-
mensional volume rendering method
was preferred because it retained all
data by summing the contributions
from all the voxels along a line from
any viewing angle through the axial
images. Once the 3D reconstructions
were achieved, two dimensional cut
planes were applied to determine ex-
tensions of the masses.

Furthermore, tumor position and
depth of extension were evaluated by
using the cut planes. Both axial images
and 3D reconstructions of the renal
vessels were examined for possible
tumoral invasion, thromboses and any
other vascular abnormalities.

Deformation of the collecting sys-
tem and mass surrounding the calyces
or infundibula were considered as de-
finitive invasion criteria. Compressed
or flattened calyx and narrowed in-

Table 1. Number and dimensions of masses, extension of malignancy, and treatment features of renal cell carcinoma patients

Case Diagnosis Number of mass(es) Dimensions (mm) Extension of the malignant mass Stagea  Treatment

1 Renal cell carcinoma 1 33x31 Perirenal fat Il Partial nephrectomy

2 Renal cell carcinoma 1 32x31 Confined to one kidney | Partial nephrectomy

3 Renal cell carcinoma 1 34x37 Extension into renal vein 1A Radical nephrectomy

4 Renal cell carcinoma 1 39x36 Perirenal fat I Partial nephrectomy

5 Renal cell carcinoma 1 27x33 Perirenal fat I Partial nephrectomy

6 Renal cell carcinoma 1 35x39 Perirenal fat Il Partial nephrectomy

7 Renal cell carcinoma 1 36x38 Perirenal fat Il Partial nephrectomy

8 Renal cell carcinoma 1 28x28 Perirenal fat Il Radical nephrectomy
Germ cell tumor 1 50x60

9 Renal cell carcinoma 1 47x57 Extension into renal artery and ll[@ Radical nephrectomy

vein, IVCb, regional lymph nodes

10  Renal cell carcinoma 52x46 Regional lymph nodes 1B Radical nephrectomy

11 Renal cell carcinoma 1 29x36 Perirenal fat Il Radical nephrectomy
Chronic pyelonephritis

12 Renal cell carcinoma 1 25x24 Confined to one kidney | Partial nephrectomy

13 Renal cell carcinoma 1 23x25 Confined to one kidney | Partial nephrectomy

a Robson stages of the malignant masses
b Inferior vena cava

Table 2. Diagnoses, number and dimensions of lesions and treatment features in patients with benign lesions

Case Diagnosis Number of mass(es) Dimensions (mm) Treatment
1 Abscess 1 26x29 Systemic antibiotic
2 Simple cyst 1 40x55 Aspiration-sclerotherapy
3 Infected cyst 1 65x70 Aspiration-sclerotherapy
4 Angiomyolipoma 1 20x14 Follow up
5 Arteriovenous fistula 2 22x22 Embolization
25x25
6 Oncocytoma 1 30x30 Partial nephrectomy
XGPa 1 20x10 Partial nephrectomy

a Xanthogranulomatous pyelonephritis

36  March 2005 ¢ Diagnostic and Interventional Radiology

Toprak et al.



Figure 1. A 70-year-old male patient with renal cell carcinoma. Three-dimensional
volume-rendered image shows both the location and the relationship of the low-
attenuated tumor to the adjacent organs (spine, ribs and liver). Tumor (arrows) lies

between the 11th and 12th rib levels.

Figure 2. A 70-year-old male patient with renal cell
carcinoma. Three-dimensional volume-rendered image
obtained with a cut plane in the oblique coronal

orientation shows an interpolar region tumor with
extension (arrowheads) to perirenal fat tissue.

Figure 3. A 63-year-old female patient with renal cell carcinoma. Three-
dimensional volume-rendered image shows widening of the right renal vein due to
thrombosis (arrows). Note the perirenal collateral vessels (arrowheads).

fundibulum due to mass effect were
considered suspicious findings for
invasion.

Results

Out of 20 patients, 13 had his-
topathologically proven renal cell
carcinoma. Diagnoses of the remain-
ing 7 patients were as follows: xan-
thogranulomatous pyelonephritis,
abscess, simple cyst, infected cyst,
angiomyolipoma, oncocytoma and ar-
teriovenous fistula (AVF). In the renal
cell carcinoma group, 3 patients had
stage I, 7 patients had stage II, and 3
patients had stage III disease (Tables
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1 and 2). Sizes of renal cell carcinoma
masses were between 23 mm to 60 mm
(mean, 36 mm).

In the unenhanced examination,
masses of AVF and oncocytoma were
isodense with the renal cortex while
all other masses were hypodense. One
renal cell carcinoma had internal cal-
cification. Adipose tissue component
was only demonstrated in angiomy-
olipoma. Benign masses (n=7) were
homogeneous and well-circumscribed
whereas 11 of 13 renal cell carcinomas
were heterogeneous and irregular in
contour. All masses showed contrast
enhancement except for the simple

renal cyst. Five of the benign masses
(angiomyolipoma, AVF, simple renal
cyst, infected renal cyst and renal ab-
scess cases) were definitely diagnosed
with CT examination. All of the other
renal lesions (focal xanthogranuloma-
tous pyelonephritis, oncocytoma, germ
cell tumor and renal cell carcinomas)
were identified particularly after the
surgical approach and histopathologic
examination.

A second mass located at the renal
hilus was identified in a patient with
renal cortical mass. Histopathologi-
cally, these lesions were diagnosed as
renal cell carcinoma and co-existing
extragonadal germ cell tumor.

There were patchy hypodense areas
with poor contrast enhancement in
the renal cortex in a case with renal
cell carcinoma which was suggestive
of pyelonephritis with CT examina-
tion. Histopathologic specimen of this
patient revealed findings of both renal
cell carcinoma and chronic pyelone-
phritis.

Based on 3D images, the location
of the kidney in relation to the lower
ribs, the iliac crest, and the spine was
determined to help the surgeon in de-
fining the position of the surgical in-
cision (Figure 1). Then, the locations
of the lesions were noted. There were
2 lesions in the upper pole, 6 lesions
in the interpolar region and 12 lesions
in the lower pole. All the lesions had
extensions to the renal medulla (Fig-
ure 2), except for the cortically located
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Figure 4. A 38-year-old female patient with arteriovenous fistula. Three-
dimensional volume-rendered image obtained with cut plane in oblique
sagittal orientation shows a densely enhancing vascular mass with feeding
and draining vessels (arrowheads). The relationship of the fistula with the left
renal artery (long arrows) and vein (short arrows) is visible.

angiomyolipoma.
After the location of the lesions was

noted, their possible extensions were
searched. In two cases, there were
vascular invasion accompanying the
malignant lesions. In one case with
a lesion located in the perihilar re-
gion, both renal artery and vein had
been invaded by the lesion, and there
was a thrombus in the inferior vena
cava (IVC). Thrombus in the renal

Figure 6. A 60-year-old male patient with
renal cell carcinoma. Three-dimensional
volume-rendered image obtained with cut
plane in coronal orientation shows tumor
(open arrows) distorting the lower pole
calyces (arrowheads). Displaced calyces at
the superior border of the tumor can be seen
(arrows).

vein was seen in another case with a
malignant lesion located at the mid-
region of the kidney (Figure 3). The
results of the histopathologic evalua-
tion of these two cases indicated renal
cell carcinoma and vascular findings,
which were confirmed pathologi-
cally. Perirenal collateral veins were
noted in these two patients with
renal vein invasion (Figure 3). How-
ever, in four patients with renal cell
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Figure 5. A 52-year-old female patient with renal cell carcinoma. Three-dimensional
volume-rendered image shows an accessory renal artery (arrow) supplying the lower
pole. The main renal artery is crossing behind the accessory renal artery (arrowheads).
A tumor is located in the upper pole (not shown in this view) of the kidney.

carcinoma, there were perirenal ves-
sels, while there was no thrombosis
in the renal vein or IVC.

Three of the patients with renal cell
carcinoma had early venous contrast
enhancement due to arteriovenous
shunts within the lesion.

In this study, vascular involvement,
which was only encountered in ma-
lignant processes, was not a finding.
There were partial thrombi in renal
artery and total thrombosis in renal
vein in one case with an infected renal
cyst.

Ultrasonographic examination of
the patient with simple renal cyst
showed intensive internal debris that
led to suspicions of intramural solid
component; thus, CT evaluation was
proposed. In addition, the definite
diagnosis of the renal cyst did not
include intramural solid component,
and 3D-CT and CTA revealed that the
cyst was compressing the segmental
renal artery. Interestingly, this patient
also suffered from hypertension. Thus,
the latter finding explained the pa-
tient’s condition.

The patient with AVF had a history of
a percutaneous renal biopsy with the di-
agnosis of glomerulonephritis ten years
previously. It was demonstrated by its
feeding and draining vessels with an en-
larged renal artery and vein through 3D-
CT imaging and CTA (Figure 4). It was
concluded that the AVF developed as a
complication of the biopsy procedure.
This patient’s angiography was per-
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Figure 7. A 60-year-old female patient with renal cell carcinoma. Three-dimensional
volume-rendered image shows a central tumor with ureteral extension (arrows).

formed during the embolization treat-
ment and confirmed the CT findings.

A duplicated renal artery, an accesso-
ry renal artery, a retroaortic renal vein
and an aneurysm of the celiac trunk
were diagnosed in different renal cell
carcinoma patients as co-incidental
vascular findings and were confirmed
surgically (Figure 5).

Eleven of 13 patients with renal cell
carcinoma had a diagnosis of the in-
vasion of pelvicalyceal system on CT
examination, and this was confirmed
intraoperatively (Figure 6). A proximal
ureteral invasion was also shown in
two of these eleven patients (Figure 7).

There were two cases with a com-
pressed and flattened calyx. Although
it was described as a suspicious crite-
rion of invasion in our radiologic in-
terpretation, calyceal invasion was ob-
served both surgically and histopatho-
logically in one of these patients (Fig-
ure 8). In the other case, compressed
calyx was the only manifestation, and
there was no evidence of the collecting
system invasion intraoperatively and
histopathologically.

There were three patients with a be-
nign disease process extending to the
medulla. In two of these patients (one
oncocytoma and one simple renal cyst
patient) collecting systems were com-
pletely normal. The CT examination of
the patient with xanthogranulomatous
pyelonephritis revealed a narrowed
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infundibulum. Surgical intervention
(partial nephrectomy) was performed
on both oncocytoma and xanthogran-
ulomatous pyelonephritis patients,
and surgical results confirmed the ra-
diological findings.

Partial nephrectomy was performed
on 10 patients (eight with renal cell
carcinoma, one with oncocytoma,
and one with xanthogranulomatous
pyelonephritis). Radical nephrectomy
was performed on five patients with
renal cell carcinoma. Simple renal
cyst and infected renal cyst cases were
treated by percutaneous aspiration
and sclerotherapy (absolute alcohol
was used as the sclerosing agent). Per-
cutaneous aspiration and sclerother-
apy of the cyst caused a significant
improvement of the hypertension of
the patient with simple renal cyst.
Systemic antibiotic therapy was given
to the patient with infected renal cyst
after the percutaneous aspiration and
sclerotherapy procedure. Renal abscess
was treated with intravenous antibiot-
ics. The patient with AVF underwent
embolization procedure. Regular fol-
low-ups with CT were recommended
for the case with angiomyolipoma.

Discussion

Complete and extensive information
about the renal mass is needed by the

Figure 8. A 60-year-old female patient with renal
cell carcinoma. Three-dimensional volume-rendered
image shows a tumor arising from the lateral part
of the kidney (arrowheads). Note the flattening and
compression of the middle calyx (arrows).

clinician to determine the appropri-
ate treatment modality. That means
extensions of the mass as well as rela-
tions with adjacent structures such as
vessels and the ureter. The latter one is
especially important for benign masses
because they may lead to compression
of renal vessels or the ureter rather
than a true invasion. Furthermore,
renal vascularization shows variation
and must be clarified before any surgi-
cal approach.

Perirenal collateral veins are usu-
ally observed in patients who have
renal vein thrombosis. In a study by
Zeman et al., perirenal collateral vas-
cularization was identified in 12 of 18
renal cell cancer patients with renal
vein invasion (15). In our study, peri-
renal collateral veins were identified
in two cases with renal vein invasion.
However, in four patients, perirenal
vascularizations were shown in the
absence of renal vein and IVC throm-
bosis. Unfortunately, it could not be
determined whether these were dilat-
ed capsular veins or collateral vessels
through CT evaluation.

In addition to primary tumors, vari-
ations like renal artery duplications,
accessory renal artery, retroaortic renal
vein and abnormalities such as aneu-
rysm of the celiac trunk were also dem-
onstrated. Thus, without performing
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an angiography, a single imaging mo-
dality performed preoperatively could
provide sufficient information about
the accompanying vascular abnormali-
ties, thus granting the opportunity to
minimize the unexpected hemorrhagic
complications associated with vascular
variations.

In the patient with co-existent renal
cell carcinoma and extragonadal germ
cell tumor, it was demonstrated that
the germ cell tumor was surrounding
and displacing the renal vasculature
and the IVC. Surgical approach was
planned by considering this finding.
Adequate information about the tumor
and its vascular neighbors guided the
surgeon during planning the surgical
procedure. Additionally, preoperative
demonstration of the accessory vascu-
lar structures provided valuable help
during the excision of the mass. There
was no bleeding complication during
the surgical interventions reported in
our patient group.

Depiction of the relationships of the
tumor to adjacent calyces allows the
surgeon to anticipate extension into
the collecting system and minimizes
postoperative complications such
as a urinary fistula or urinoma (8).
The findings of eleven patients with
renal cell cancer met the collecting
system invasion criteria of this study
(deformity of the collecting system
and mass surrounding the calyces and
infundibula). Additionally, proximal
ureteral invasion was seen in two
patients. All suggested invasions were
proven surgically. Thus, these findings
should be accepted as reliable criteria
in determining the collecting system
invasion. Compressed or flattened cal-
yces and narrowed infundibula due to
mass effect were considered suspicious
findings of invasion in our study, and
there were two instances of renal cell
carcinoma meeting these criteria. Col-
lecting system invasion of the tumoral
mass was shown in only one of these
cases. Thus, those criteria should be
considered suspicious in terms of in-
vasion, and it should be kept in mind
that these findings never exclude the
possibility of collecting system in-
volvement.

In our study group, all radiologi-
cally detected tumoral masses were
confirmed with surgical interventions.
However, it must be remembered that
renal pseudotumors can be caused

by respiratory misregistration. Other
factors which cause the suboptimal
image quality are under-filling of the
pelvicalyceal system with contrast
medium, hydronephrosis obliterating
the calyceal detail and motion artifacts
(8, 16). Thus, when such confusing ap-
pearances exist, careful interpretation
is needed to avoid misdiagnosis.

Appropriate helical CT protocols and
volume rendering techniques result in
3D images of high quality. In our study,
we used a thin collimation and recon-
struction index. Consequently, prob-
lems such as stepping artifacts were
minimized. Three-dimensional CT im-
aging and CTA have many advantages
in the evaluation of renal masses com-
pared to routine renal CT protocols.
However, it should be remembered
that both 3D-CT and CTA procedures
depend on axial images, and all of
these procedures complement each
other for a reliable evaluation. Three-
dimensional applications provide rota-
tion of the kidney image in different
positions and facilitate obtaining cut
planes; hence, the relationship of the
mass with the renal tissue and adjacent
organs is demonstrated better and the
mass is defined to its finest detail. In
some occasions, definitive diagnosis of
vascular or pelvicalyceal invasion de-
pending on 2D axial images is very dif-
ficult. Three-dimensional CT imaging
and CTA provides better images in the
determination of the vascular and col-
lecting system invasion. Identification
of the relationship of the mass with
adjacent vessels both affects the treat-
ment procedure and decreases possible
operative complications. Additionally,
determining the collecting system in-
vasion has important contributions to
the treatment protocol both in benign
and malignant masses.

In conclusion, 3D-CT by itself pro-
vides valuable data about the nature
and regional features of the mass, and
it can be used as part of a single-step
study procedure when combined with
the other CT procedures for renal ma-
lignancy staging.
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