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Summary

The purpose of our paper was to show abilities of multidetector CT (MDCT) in staging of renal cell carcinoma (RCC)
for proper preoperative assessment and choosing the therapy modality. MDCT has dramatically improved diagnostic
evaluation of renal masses. The best results in detection and characterization of renal masses, as well as precise staging,
can be achieved with a scanning protocol that includes a combination of unenhanced CT and contrast-enhanced scanning
in the corticomedullary and nephrographic phases. MDCT represents the most effective imaging modality for the diagno-
sis and staging of RCC. In the majority of patients, MDCT is the only diagnostic imaging required for surgical planning.
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VRIJEDNOST VI[ESLOJNE KOMPJUTORIZIRANE TOMOGRAFIJE
U PROCJENI PRO[IRENOSTI KARCINOMA BUBRE@NIH STANICA

Sa`etak

Cilj ovog rada bio je pokazati mogu}nosti vi{eslojnog CT-a (MDCT) u procjeni pro{irenosti karcinoma bubrega za
potrebe to~nog planiranja kirur{kog zahvata te za izbor terapijskog modaliteta. MDCT je znatno unaprijedio dijagno-
sti~ku procjenu tumora bubrega. Najbolji rezultati u otkrivanju i karakterizaciji tumora bubrega, kao i u preciznom
odre|ivanju pro{irenosti tumora, posti`u se protokolom CT snimanja koji uklju~uje kombinaciju nativnog CT snimanja i
CT snimanja uz uporabu intravenskog kontrastnog sredstva u kortikomedularnoj i nefrografskoj fazi. MDCT predstavlja
naju~inkovitiju slikovnu metodu za dijagnosticiranje i procjenu pro{irenosti karcinoma bubrega. U ve}ine bolesnika,
MDCT je jedina dijagnosti~ka metoda potrebna za planiranje kirur{kog zahvata.
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Renal cell carcinoma (RCC) is the most com-
mon primary neoplasm of the kidney, and its in-
cidence has been rising over the past 50 years.
Approximately 30,000 new cases are diagnosed
in the United States each year (1, 2). The role of
radiological assessment in RCC is to discriminate
benign from malignant lesions, to adequately as-
sess tumor size, localization and organ confine-
ment, to identify lymph node and/or visceral
metastases, and to define the presence of a

thrombus in the venous system and the level of
its superior extent (3-5). Surgical resection is the
only effective treatment for RCC and survival de-
pends on local and distant tumor extension.
Therefore, precise staging is critical for preopera-
tive planning and prognosis (6). Computed to-
mography (CT) is the most widely available and
most effective modality for staging of RCC, with
reported accuracy of 91% (7). The latest genera-
tion of CT device, MDCT, enables further im-
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provement of precision in the evaluation of tu-
mor extension. MDCT uses high-speed acquisi-
tion and due to its technical characteristics en-
ables high-quality images with minimum arti-
facts and 3D postprocessing (2, 8).

The aim of the study was to show abilities of
MDCT in the evaluation and staging of RCC for
proper preoperative assessment and choosing
the therapy modality.

MDCT has dramatically improved diagnos-
tic evaluation of renal masses by rapid image ac-
quisition in various phases of contrast enhance-
ment (9-12). It is very important to be familiar
with novel advantages offered by MDCT tech-
nology, as well as understand the values and lim-
itations of each phase of enhancement after con-
trast medium administration.

Unenhanced MDCT should be the initial
phase of any examination protocol for evaluation
of suspicious renal masses. It gives basic infor-
mation for further measuring of contrast en-
hancement within the lesion after the intrave-
nous administration of a contrast medium. Con-
trast enhancement play a role in distinguishing a
hyperdense cyst from a solid tumor: enhance-
ment values of more than 12 HU suggest malig-
nancy. Most RCC seen on unenhanced MDCT
usually have attenuation values of 20 HU or
higher. Small lesions are usually homogeneous
in appearance, while large ones are mostly heter-
ogeneous, due to necrosis or hemorrhage. Calci-
fications are found in up to 30% of the cases of
RCC (13).

Approximately 20-70 seconds after the intra-
venous injection of iodinated contrast material,
the corticomedullary phase is seen (Figure 1). In
this phase, the renal cortex is brightly opacified
and can be easily differentiated from the renal
medulla. Small masses can be missed in the
corticomedullary phase, thus causing a false neg-
ative finding. False positive diagnosis can be
made due to heterogeneous enhancement of the
renal medulla, mistaking it for a tumor (9, 11, 12).
Despite this, the corticomedullary phase repre-
sents the essential phase for precise staging of
RCC.

The next phase, or the nephrographic phase
(Figure 2), is seen after at least 80 seconds of scan-
ning delay, and lasts up to 180 seconds after the
intravenous administration of the contrast me-

dium. The nephrographic phase is the most use-
ful for detection of the renal masses and the best
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Figure 1. Corticomedullary phase of contrast enhancement:
contrast agent primarily within arteries, cortical capillaries
and cortical tubular lamina.

Figure 2. Nephrographic phase of contrast enhancement: con-
trast agent in the Loops of Henle and collecting tubules.



results in detection and characterization of renal
masses, as well as precise staging, can be
achieved with a scanning protocol that includes a
combination of unenhanced CT and contrast-en-
hanced scanning in the corticomedullary and
nephrographic phases (10) and characterization
of indeterminate lesions. (11, 14)

The excretory phase starts approximately
180 seconds after the injection of the contrast me-
dium. This phase is used for better delineation

between a centrally located mass and the collect-
ing system, as well as for defining a potential in-
volvement of the calices or renal pelvis.
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Figure 6. Thrombus in the infradiaphragmatic part inferior
vena cava: filling defect within the lumen (Stage T3c)

Figure 5. Formation of a tumor thrombus, located inside the re-
nal vein only (Stage T3b)

Figure 3. Tumor confined to the renal capsule (Stage T1/T2,
depending on the size of the tumor mass)

Figure 4. Spread of the tumor into the perinephric fat tissue
(Stage T3a)



The 3D MDCT images can be obtained in
multiple planes and orientations, and are useful
for better definition of the tumor and its relation-
ship to the renal surface, the collecting system,
and adjacent organs. MDCT angiography
(MDCTA), combined with 3D images, can pro-
vide some crucial information required for the
surgical procedure planning (16).

Accurate staging at the time of diagnosis is
essential to determine prognosis and formulate a
therapeutic plan. Two classification systems are
commonly used for staging of RCC. The Robson's
classification is older and simpler (17), and the
TNM classification is more detailed, with more
subgroups defined (18). The main drawback of
the Robson's classification is that stage III is con-
sisted of a heterogeneous patient population

with venous spread of the tumor, as well as
lymph node involvement (19-24). Patients with
venous spread are candidates for surgical treat-
ment, while patients with lymph node meta-
stases have poorer prognosis, and undergo pal-
liative therapy (6).

In our daily practice we use the TNM classi-
fication, which is widely accepted, because it de-
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Figure 7. Involvement of the supradiaphragmatic part of IVC
by the thrombus

Figure 8. Large tumor thrombus extending above the diap-
hragm, reaching the right atrium and invading the wall of IVC
(Stage T4b)

Figure 9. Regional lymph node involvement (Stage N1-N3)



fines the anatomic extent of the tumor more pre-
cisely.

Tumor confined to the renal capsule has the
best prognosis, and is classified as T1 or T2 stage
after TNM, depending on its diameter (<7 cm, �7
cm, respectively) (Figure 3) (6).

Perinephric spread of the tumor, stage T3a
(Figure 4), causes the majority of problems in CT
staging, because of the perinephric stranding,

which does not necessarily indicate the tumoral
spread (7, 10). Although prognostically signifi-
cant, this problem does not affect the therapy
modality, because patients of this stage are still
candidates for radical nephrectomy or nephron-
sparing surgery.

Venous extension of the tumor is classified
as T3b stage, meaning the existence of tumor
thrombus in the renal vein only (Figure 5), T3c
stage as involvement of infradiaphragmatic part
of the inferior vena cava (IVC) (Figure 6), and
T4b stage as involvement of the supradiaphrag-
matic part of IVC (Figure 7, Figure 8) (2). The
level of venous spread of the tumor thrombus di-
rectly affects the surgical approach and progno-
sis (25-27).

Regional lymph node involvement impli-
cates poorer prognosis (Figure 9). The CT diag-
nosis of lymph node metastasis is based on nodal
enlargement more than 1 cm in its short-axis di-
ameter. Nodal enlargement found on CT does
not disqualify patients for nephrectomy (28).

Distant RCC metastases are most common
in the lungs and mediastinum, bones (Figure 10,
Figure 11), and liver. Less common metastatic
sites include the contralateral kidney, adrenal
gland, brain, pancreas, mesentery, and abdomi-
nal wall (7, 16). Patients with a solitary metastasis
may benefit from aggressive management with
nephrectomy and surgical removal of the meta-
static lesion (6).

According to all of the above, MDCT repre-
sents the most effective imaging modality for the
diagnosis and staging of RCC. In the majority of
the patients, MDCT is the only diagnostic imag-
ing required for surgical planning. Advances in
the speed of data acquisition and display, includ-
ing three-dimensional volume rendering, pro-
vide unparallel capabilities for the detection,
staging, and management of RCC (2).

In conclusion we may say that MDCT is the
best and the fastest technique for diagnosing and
staging of the RCC, especially for the tumor
spread into the venous system, and for planning
the surgical approach and choosing the therapy
modality. It is important to know the advantages
of MDCT imaging, as well as understanding the
values and limitations of each phase of enhance-
ment in the assessment of RCC staging.
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Figures 10, 11. Distant RCC metastases: metastatic lesion in
the body of L1 vertebra (Stage M1)



REFERENCES

1. Choyke PL. Detection and staging of renal cancer.
Magn Reson Imaging Clin N Am 1997;5:29–47.

2. Sheth S, Scatarige JC, Horton KM, Corl FM, Fishman
EK. Current concepts in the diagnosis and manage-
ment of renal cell carcinoma: role of multidetector CT
and three-dimensional CT. RadioGraphics 2001;21:
237–54.

3. Zagoria RJ, Bechtold RE, Dyer RB. Staging of renal
adenocarcinoma: role of various imaging proce-
dures. AJR Am J Roentgenol 1995;164(2):363-70.

4. Zagoria RJ, Bechtold RE. The role of imaging in stag-
ing renal adenocarcinoma. Semin Ultrasound CT
MR, 1997;18(2):91-9.

5. Bechtold RE, Zagoria RJ. Imaging approach to stag-
ing of renal cell carcinoma. Urol Clin North Am
1997;24(3):507-22.

6. Russo P. Renal cell carcinoma: presentation, staging
and surgical treatment. Semin Oncol 2000;27:160–76.

7. Johnson CD, Dunnick NR, Cohan RH, Illescas FF. Re-
nal adenocarcinoma: CT staging of 100 tumors. AJR
Am J Roentgenol 1987;148:59–63.

8. Hu H, He HD, Foley WD, Fox SH: Four Mul-
tidetector-Row Helical CT: Image Quality and Vol-
ume Coverage Speed. Radiology 2000;215:55–62.

9. Cohan RH, Sherman LS, Korobkin M, Bass JC, Fran-
cis IR. Renal masses: assessment of corticomedulla-
ry-phase and nephrographic-phase CT scans. Radiol-
ogy 1995;196:445–51.

10. Kopka L, Fischer U, Zoeller G, Schmidt C, Ringert
RH, Grabbe E. Dual-phase helical CT of the kidney:
value of the corticomedullary and nephrographic
phase for evaluation of renal lesions and preopera-
tive staging of renal cell carcinoma. AJR Am J
Roentgenol 1997;169:1573–8.

11. Szolar DH, Kammerhuber F, Altziebler S. Mul-
tiphasic helical CT of the kidney: increased con-
spicuity for detection and characterization of small
(<3 cm) renal masses. Radiology 1997;202:211–7.

12. Yuh BI, Cohan RH. Different phases of renal en-
hancement: role in detecting and characterizing renal
masses during helical CT. AJR Am J Roentgenol
1999;173:747–55.

13. Silverman SG, Lee BY, Seltzer SE, Bloom DA, Corless
CL, Adams DF. Small (<3 cm) renal masses: correla-
tion of spiral CT features and pathologic findings.
AJR Am J Roentgenol 1994;163:597–605.

14. Birnbaum BA, Jacobs JE, Ramchandani P. Multi-
phasic renal CT: comparison of renal mass enhance-
ment during the corticomedullary and nephro-
graphic phases. Radiology 1996;200:753–8.

15. Smith PA, Marshall FF, Corl FM, Fishman EK.
Planning nephron-sparing renal surgery using 3D
helical CT angiography. J Comput Assist Tomogr
1999;23:649–54.

16. Dinney CPN, Awad SA, Gajewski JB. Analysis of imag-
ing modalities, staging systems, and prognostic indica-
tors for renal cell carcinoma. Urology 1992; 36:22–9.

17. Hricak H, Demas BE, Williams RD. Magnetic reso-
nance imaging in the diagnosis and staging of renal
and perirenal neoplasms. Radiology 1985;154:709–15.

18. Harmer M. TNM classification of malignant tumors,
3rd ed. Geneva, Switzerland: International Union
against Cancer, 1978.

19. Fein AB, Lee JK, Balfe DM. Diagnosis and staging of
renal cell carcinoma: a comparison of MR imaging
and CT. AJR Am J Roentgenol 1987;148:749–53.

20. Hricak H, Thoeni RF, Carroll PR, Demas BE, Marotti
M, Tanagho EA. Detection and staging of renal
neoplasms: a reassessment of MR imaging. Radiol-
ogy 1988;166:643–9.

21. Semelka RC, Shoenout JP, Magro CM, Krooker MA,
MacMahon R, Greenberg HM. Renal cancer staging:
comparison of contrast-enhanced CT and gadolin-
ium-enhanced fat-suppressed spin-echo and gradi-
ent-echo MR imaging. J Magn Reson Imaging 1993;
3:597–602.

22. Narumi Y, Hricak H, Presti JC. MR imaging evalua-
tion of renal cell carcinoma. Abdom Imaging 1997;22:
216–25.

23. Moch H, Gasser T, Amin M, Torhorst J, Sauter G,
Mihatsch M. Prognostic utility of recently recom-
mended histologic classification and revised TNM
staging system of renal cell carcinoma. Cancer 2000;
89:604–14.

24. Gettman M, Blute M, Spotts B, Bryant CS, Zinckle H.
Pathologic staging of renal cell carcinoma: signifi-
cance of tumor classification with the 1997 TNM stag-
ing system. Cancer 2001;91: 354–361.

25. Ciancio G, Vaidya A, Savoie M, Soloway M. Manage-
ment of renal cell carcinoma with level III thrombus
in the inferior vena cava, J Urol 2002;168(4):1374-7.

26. Staehler G, Brkovic D. The role of radical surgery for
renal cell carcinoma with extension into the vena
cava. J Urol 2000;163:1671–5.

27. Hatcher PA, Anderson EE, Paulson DF, Carson CC,
Robertson JE. Surgical management and prognosis of
renal cell carcinoma invading the vena cava. J Urol
1991;145:20–4.

28. Nessbitt JC, Soltero ER, Dinney CP. Surgical manage-
ment of renal cell carcinoma with inferior vena cava
tumor thrombus. Ann Thorac Surg 1997;63:1592–1600.

Author’s address: Professor Ranka [tern Padovan,
M.D., Ph.D., Clinical Institute for Diagnostic and Inter-
ventional Radiology, Clinical Hospital Center Zagreb
Rebro, Ki{pati}eva 12, 10 000 Zagreb, Croatia; e-mail:
rpsternºmef.hr

60

Libri Oncol., Vol. 33 (2005), No 1–3, 55 – 60


	libri oncologici_1-3_2005.pdf



