
detection and staging of RCC. Multidetector CT (MDCT) 
with the improvement of spatial resolution and the ability 
to obtain multiphase imaging, multiplanar and three-
dimensional reconstructions in any desired plane brought 
about further improvement in the evaluation of RCC. 
Differentiation of RCC from benign renal tumors based 
on MDCT features is improved. Tumor enhancement 
characteristics on MDCT have been found closely to 
correlate with the histologic subtype of RCC, the nuclear 
grade and the cytogenetic characteristics of clear cell 
RCC. Important information, including tumor size, 
localization, and organ involvement, presence and extent 
of venous thrombus, possible invasion of adjacent organs 
or lymph nodes, and presence of distant metastases 
are provided by MDCT examination. The preoperative 
evaluation of patients with RCC was improved by 
depicting the presence or absence of renal pseudocapsule 
and by assessing the possible neoplastic infiltration of the 
perirenal fat tissue and/or renal sinus fat compartment. 
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Core tip: Multidetector computed tomography (MDCT) 
remains the most widely available and most effective 
modality for the detection and staging of renal cell 
carcinoma (RCC), with a staging accuracy up to 91%. 
MDCT scanners with the improvement of spatial 
resolution and the ability to obtain multiplanar and 3D-
reconstructions greatly improved the diagnostic perfor
mance of CT in characterizing RCC and estimating 
the extent of the disease. Important information for 
treatment planning is provided by CT examination, 
including tumor location and size, renal arterial and 
venous anatomy and relationship to the pelvicaliceal 
system.
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Abstract
Renal cell carcinoma (RCC) accounts for approximately 
90%-95% of kidney tumors. With the widespread use 
of cross-sectional imaging modalities, more than half 
of RCCs are detected incidentally, often diagnosed at 
an early stage. This may allow the planning of more 
conservative treatment strategies. Computed tomography 
(CT) is considered the examination of choice for the 
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INTRODUCTION
Renal cell carcinoma (RCC) represents the commonest 
primary malignancy of the kidney, accounting for about 
2%-3% of all cancers[1-3]. In 2012, approximately 
84400 new cases of RCC were diagnosed within the 
European Union and 34700 kidney cancer-related 
deaths occurred[2]. The estimated number of new cases 
of kidney cancer in the United States during 2014 
was 63920, the great majority representing RCCs, 
accounting for the seventh most common malignancy in 
men and the 12th commonest malignancy in women[3]. 
An estimated 13860 deaths from kidney cancer were 
expected to occur in 2014[3].

The widespread use of cross-sectional imaging 
modalities has resulted in incidental detection of more 
than 50% of RCCs[1-4]. These tumors are often small, 
of low stage and grade, and therefore have a better 
prognosis[1-4]. Early-stage RCC is usually asymptomatic. 
The classic clinical triad of flank pain, gross haematuria, 
and palpable abdominal mass is not common (6%-10% 
of cases) and usually correlates with aggressive 
histology and advanced-stage disease[1,5,6]. There is a 
1.5:1 predominance in men over women, with a peak 
incidence occurring during the 6th and 7th decades of 
life. The main predisposing factors for renal cancer are 
smoking, obesity, hypertension, chronic renal failure, 
chemical exposure and radiation exposure[1-3]. Heredity 
also plays a role, with approximately 4% of all RCCs 
seen in patients with an underlying tumor syndrome[7,8].

In patients with RCC, tumor stage at diagnosis, 
nuclear grade according to Fuhrman, and histologic 
subtype represent the most important prognostic 
factors[1]. Tumor stage greatly affects patient’s prognosis 
and survival, and has an important impact on treatment 
planning. The tumor, node, metastasis (TNM) staging 
classification system is most commonly used, closely 
correlating with potential curability of the disease and 
prognosis[1,9]. The latest version of the TNM classification 
was published in 2010[1,9] and is presented in Table 1. 

The grading classification of RCC is based on the 
microscopic characteristics of the neoplasm with hema
toxylin and eosin staining. Fuhrman nuclear grade is 
the most widely accepted histological grading system 
for RCC[10]. Although affected by intra- and inter-
observer discrepancies, it represents one of the most 
significant prognostic variables in patients with all 
stages of RCC[10-13]. This system categorizes RCC 
with grades 1, 2, 3, and 4, varying from tumors with 
small, round hyperchromatic nuclei, no visible nucleoli 

and little detail in the chromatin to those with larger, 
pleomorphic nuclei, single or multiple macronucleoli 
and coarsely granular chromatin[10]. Some researchers 
have simplified the Fuhrman grading system in order to 
improve interobserver reproducibility. More specifically, a 
modified two- or three-tiered Fuhrman grading system 
could probably have a virtually equal accuracy as the 
conventional 4-tiered Fuhrman grading system in 
predicting cancer-specific mortality[11-13].

The 2004 World Health Organization classification 
for renal neoplasms recognizes several distinct histologic 
subtypes of RCC, of which three main types are important: 
conventional (clear cell) RCC (ccRCC, accounting for 
approximately 80%-90% of RCCs); papillary RCC 
(10%-15%); and chromophobe RCC (4%-5%)[14,15]. 
In univariate analysis, there is a trend towards a better 
prognosis for patients with chromophobe vs papillary vs 
conventional RCC[16,17]. 

The 5-year overall survival for all types of RCC is 49%. 
More than half of cases are diagnosed at early-stage, for 
which the 5-year relative survival rate is 92%[1].

Radical nephrectomy with ipsilateral adrenalectomy, 
as established by Robson, was the treatment of choice 
since 1969[1]. During the last decades, there is a growing 
trend for more limited surgical resection, such as adrenal-
sparing radical nephrectomy, laparoscopic nephrectomy, 
or nephron-sparing partial nephrectomy[1-4,18-24]. Partial 
nephrectomy can be performed, either with an open, 
pure laparoscopic or robot-assisted approach, based 
on surgeon’s expertise and skills. Similar oncological 
outcomes have been reported for both nephron-sparing 
surgery (NSS) and radical nephrectomy[1,22-24]. NSS is 
primarily recommended in patients with T1a tumors, 
and when technically feasible in T1b neoplasms[1]. Non-
surgical treatment, including ablative techniques such 
as cryoablation, and radiofrequency ablation have been 
proposed for RCCs less than 4 cm in diameter[1,25]. 
However, due to the low quality of the available data 
no published recommendations still exist on these 
techniques[1]. Active surveillance may be offered to some 
patients, especially in elderly and/or comorbid patients 
with small renal tumors[26,27].

ROLE OF COMPUTED TOMOGRAPHY
Computed tomography (CT) is widely accepted as the 
examination of choice for the detection, characterization 
and staging of RCC, with a staging accuracy up to 
91%[4,28-47]. The wide availability of CT and its relative 
ease of performance and interpretation compared 
with magnetic resonance imaging (MRI) render it the 
main imaging method for staging RCC. In surgical 
cases, accurate preoperative imaging and exact tumor 
staging is of paramount importance for planning 
the optimal surgical approach and strategy, and for 
providing accurate prognostic information for the patient. 
Knowledge of the renal and tumor vascular supply and 
the relationship of the neoplasm to the adjacent renal 
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parenchyma and the pelvicaliceal system are crucial for 
operative planning, particularly in patients planned for 
NSS[48-51].

According to the recommendations by the American 
College of Radiology, multidetector, multiphasic CT of the 
abdomen is considered appropriate for staging of small or 
incidentally detected renal tumors (equal or smaller than 
3 cm in diameter)[52]. For renal tumors larger than 3 cm 
in diameter, multidetector CT (MDCT) is the diagnostic 
modality of choice. MRI of the abdomen is a suitable 
substitute, when patient cannot undergo contrast-
enhanced CT. Ultrasonography may be considered 
more appropriate for staging small renal tumors, when 
the intravenous administration of contrast medium is 
contraindicated. Positron emission tomography (PET) 
does not yet have an established role in staging RCC. PET 
with the tracer fluorine-18-2-fluoro-2-deoxy-D-glucose-
PET may find difficulties even in the detection of primary 
carcinoma against the normal background of hyperactivity 
in the kidneys. PET may be used as a complementary 
examination for confirming metastatic disease in lesions 
detected by CT, MRI, or bone scan, and it may be used to 
detect unsuspected metastases in high-risk patients[52]. 

The most recent technical advances introduced 

with the use of MDCT scanners brought about further 
advancements in the preoperative evaluation of RCC[4,31-51]. 

The main advantages of MDCT are fast scanning time, 
increased volume coverage, acquisition of thin slices and 
improved spatial and temporal resolution. Rapid coverage 
of the kidneys and scanning during specific organ 
perfusion phases after the intravenous administration of 
iodinated contrast material has improved the diagnostic 
performance of CT in the detection and characterization 
of renal masses[34-41]. The use of thin slices and the 
acquisition of near-isotropic or isotropic data improve the 
quality of volume data set for workstation analysis and 
multiplanar reformations (MPRs) and 3D reconstructions 
in any desired plane with excellent anatomic details are 
possible[30-33,49-51]. 

MDCT protocol
MDCT examination in cases of a known or suspected 
renal mass should include multiple phases, proper timing 
of each post-contrast enhanced phase, and use of MPRs 
and 3D-reconstructions. The CT protocol includes an 
unenhanced acquisition, combined with two or more 
post-contrast enhanced series (corticomedullary phase, 
nephrographic phase, and excretory phase)[4,28-47]. 

112 June 28, 2015|Volume 7|Issue 6|WJR|www.wjgnet.com

Table 1  New tumor, node, metastasis classification system for renal cell carcinoma

T-primary tumor
   Tx Primary tumour cannot be assessed
   T0 No evidence of primary tumour
   T1 Tumour ≤ 7 cm in greatest dimension, limited to kidney
   T1a Tumour ≤ 4 cm in greatest dimension, limited to kidney
   T1b Tumour > 4 cm but ≤ 7 cm in greatest dimension, limited to kidney
   T2 Tumour > 7 cm in greatest dimension, limited to kidney
   T2a Tumour > 7 cm but ≤ 10 cm in greatest dimension, limited to kidney
   T2b Tumour > 10 cm in greatest dimension, limited to kidney
   T3 Tumour extends into major veins or perinephric tissues but not into the 

ipsilateral adrenal gland and not beyond Gerota fascia
   T3a Tumour grossly extends into the renal vein or its segmental branches, or tumour 

invades perirenal and/or renal sinus fat but not beyond Gerota fascia
   T3b Tumour grossly extends into the vena cava below the diaphragm

   T3c Tumour grossly extends into the vena cava above the diaphragm or invades the 
wall of the vena cava

   T4 Tumour invades beyond Gerota's fascia (including contiguous extension into 
the ipsilateral adrenal gland)

N-regional lymph nodes
   Nx Regional nodes cannot be assessed
   N0 No regional lymph nodes metastases
   N1 Metastases in a single regional lymph node
   N2 Metastases in more than 1 regional lymph node
M-distant metastases
   M0 No distant metastases
   M1 Distant metastases
TNM stage grouping
   Stage Ⅰ T1 N0 M0
   Stage Ⅱ T2 N0 M0
   Stage Ⅲ T3 N0 M0

T1,T2,T3 N1 M0
   Stage Ⅳ T4 Any N M0

Any T N2 M0
Any T Any N M1

TNM: Tumor, node, metastasis.

Tsili AC et al . MDCT in renal cell carcinoma



extension of tumoral tissue is possible (Figure 1). This 
phase may be also used as a map for the delineation of 
the arterial anatomy of the kidneys (Figure 2), especially 
helpful in selected cases to plan NSS. Hypervascular 
arterialized metastases from RCC may be more evident 
on this phase (Figure 3). The nephrographic phase, 
with a delay of 80-180 s after contrast administration 
is considered the most important for detecting and 
characterizing renal tumors. During this phase, normal 
renal parenchyma enhances homogeneously, allowing 
the best opportunity for the delineation of renal masses, 
which are often detected with relatively less contrast 
enhancement (Figure 4). The excretory phase is acquired 
after a 4-8 min delay, resulting in excretion of contrast 
material into the pelvicaliceal system. The relationship of 
the tumor to the renal collecting system (Figure 5) and 
possible signs of invasion are evaluated in this acquisition.

In addition to multiphase imaging, multiplanar display 
techniques, including MPRs and 3D-reconstructions, more 
often with maximum intensity projection and volume 
rendering technique are essential and improve the 
diagnostic performance of CT in detecting, characterizing 
and staging of RCC[28-33,48-51]. MPRs and 3D-reconstructions 
can be viewed in multiple planes and orientations, 
providing a useful interctive road map when planning 
treatment, either surgery or conservative. Accurate 
depiction of the position of the kidney relative to the 

The unenhanced scanning is always necessary to serve 
as a baseline for measurements of enhancement after 
contrast material administration. Areas of hemorrhage 
and/or presence of calcifications are also seen on these 
images. In the corticomedullary phase, obtained 25-70 s 
after the start of injection, an intense enhancement of 
the renal cortex is observed, while the medulla does not 
enhance and remains hypodense. This phase is essential 
for staging RCC. An accurate diagnosis of venous 
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Figure 1  The 65-year-old woman with papillary renal cell carcinoma of 
the right kidney and tumoral invasion of the ipsilateral renal vein and 
the inferior vena cava (stage T3b, grade 2). The patient had left radical 
nephrectomy years ago for renal cell carcinoma. A: Transverse unenhanced 
computed tomography (CT) image shows a lobular right renal mass (arrowhead), 
located in the interlobar region. The mass is relatively homogeneous, slightly 
hyperdense (CT density: 40 HU), when compared to the normal renal 
parenchyma; B and C: Contrast-enhanced coronal multiplanar reformations 
during the corticomedullary phase depict right renal tumor, with moderate, 
homogeneous enhancement (arrowhead, mean CT density: 65 HU). Venous 
tumour thrombus is diagnosed as a filling defect within right renal vein and the 
infrahepatic part of the inferior vena cana (arrow). Neoplastic thrombus is seen 
extending directly from the neoplasm, enhancing with a similar pattern with 
primary malignancy.

A

B

C
Figure 2  The 70-year-old man with clear cell renal cell carcinoma of the left 
solitary functioning kidney (stage T1b, grade 2). A: Post-contrast enhanced 
coronal multiplanar reformation during the corticomedullary phase depicts left 
upper pole renal mass, strongly and heterogeneously enhancing, after contrast 
material administration. A thin hyperdense rim (arrowheads) is detected around 
the tumor, proved to correspond to fibrous pseudocapsule on pathology. Atrophic 
right kidney (arrow); B: Coronal 3D-reconstruction during the same phase, using 
maximum intensity projection algorithm shows left renal artery aneurysm (arrow). 

A

B

Tsili AC et al . MDCT in renal cell carcinoma



surrounding bones is helpful in guiding the initial surgical 
incision. Delineation of tumor location and depth of 
extension into the kidney, ensures maximal preservation 
of the surrounding normal renal parenchyma after surgery 
(Figure 6). The arterial and venous anatomy of the kidney 
is clearly depicted at 3D-CT angiography (Figure 2). 
Identification of renal vessels, possible anatomic variants 
and depiction of their relationship with the neoplasm 
may help minimize ischemic injuries and intraoperative 
complications. Depiction of the relationship of RCC to the 
collecting system and assessment of possible neoplastic 
infiltration represent valuable information in treatment 
planning, especially in cases of conservative surgery. 
The pelvicaliceal system is best visualized on coronal 
MPRs and volume rendering 3D-displays, with images 
closely resembling those of conventional intravenous 
urography[47-51]. 

CT findings of RCC 
Most RCCs are solid tumors with CT density of 20 HU or 
greater at unenhanced scanning[4,28-33]. The tumor may 
not be clearly visible on plain images, because its density 
is usually similar to that of the surrounding normal renal 
parenchyma. In these cases, a focal bulging of the renal 
contour (Figure 7) may raise the suspicion of a space-
occupying lesion. Small tumors (smaller than 3 cm in 
diameter) are usually homogeneous, while larger lesions 
tend to be more heterogeneous due to the presence of 
central necrosis and/or hemorrhage (Figures 3 and 5). 
Calcifications are seen in up to 30% of RCCs (Figure 5A). 

RCC typically has a rich vascular supply[4,28-33]. 
Therefore, the hallmark diagnosis of RCC is the presence 
of strong, mainly heterogeneous contrast enhancement 
(Figures 2-6 and 8). A contrast enhancement value of 
more than 20 HU with respect to the noncontrast scan is 
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Figure 3  The 52-year-old man with advanced-stage clear cell renal cell carcinoma of the right kidney. Contrast-enhanced (A) coronal and (B and C) sagittal 
reformations during the corticomedullar phase show a large right renal tumor (arrow), strongly and inhomogeneously enhancing. Central hypodense parts within 
malignancy corresponded to areas of necrosis on histology. There is perinephric stranding and contrast-enhancing nodules in the perinephric fat (long arrow, B), a 
finding strongly suggestive for PR fat invasion. The tumor is seen extending and invading the undersurface of the liver (long arrow, C). Lung metastases are detected 
(arrowheads, A and C). There is also a small amount of ascites and nodular peritoneal masses (arrowheads, B), with heterogeneous enhancement, identical to that of 
the primary neoplasm, findings suggestive of peritoneal metastases. Peritoneal metastases from renal cell carcinoma (RCC) are extremely rare. Neoplastic invasion 
of the peritoneum by RCC may occur either, by contiguous spread of renal tumor through the renal capsule, the anterior renal fascia and the posterior parietal 
peritoneum, or via tumoral emboli.

A B C

A B C

Figure 4  The 62-year-old man with clear cell renal cell carcinoma of the left kidney (stage T1a, grade Ⅱ). A: Transverse plain computed tomography image 
barely depicts lower pole left kidney mass (arrow), slightly hyperdense. This finding was appreciated after studying the post-contrast enhanced images; B: Coronal 
reformations during the corticomedullary; C: The nephrographic phase. The tumor (arrow) is seen enhancing strongly and heterogeneously during the corticomedullary 
phase, a finding strongly suggestive for the diagnosis of renal cell carcinoma (RCC). Hypervascular RCCs as in this case, may enhance to the same degree as 
the renal cortex and may be mistaken for normal renal parenchyma at the corticomedullary phase. The neoplasm is clearly delineated in the nephrographic phase, 
detected mainly hypodense, when compared to the contrast-enhancing normal renal parenchyma. 
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considered suspicious for malignancy. An enhancement 
value between 10 and 20 HU, is considered inteder
minate[45]. On the nephrographic phase, RCCs typically 
appear hypodense compared to the normally enhancing 
renal parenchyma (Figure 4).

DIFFERENTIATION OF RCC FROM 
BENIGN RENAL TUMORS
The wide use of cross-sectional imaging studies has 
also led to an increase of incidentally discovered benign 
renal masses, including angiomyolipoma (AML) and 
renal oncocytoma. Because radical nephrectomy is 
not desirable for a benign tumor, the accurate chara
cterization of renal masses is required to avoid unwanted 
surgery. CT findings may prove helpful in characterizing 
the nature of renal tumors[53-62]. 

AML can be accurately diagnosed on CT, by detecting 
the intratumoral fat component with negative density 
on unenhanced scanning. However, in approximately 
4.5% of all AMLs intratumoral fat cannot be visualized 
at CT. Kim et al[53] in a retrospective study of 19 AMLs 
with minimal fat and 62 RCCs on two-phase helical CT, 
reported that homogeneous tumor enhancement and 
prolonged enhancement pattern were the most valuable 
CT findings in differentiating these tumors, more often 

detected in the first group. Hyperdensity of a renal mass 
on plain CT images is another CT finding reported for 
AML with minimal fat[54]. Zhang et al[56] in a retrospective 
study of 44 AMLs with minimal fat and papillary RCCs 
reported that the unenhanced CT density, the presence 
of intratumoural vessels, and the CT density of early 
excretory phase images may be used to differentiate 
these tumors. Woo et al[57] reported unenhanced tumor-
kidney CT density difference and long-to-short axis 
ratio as the simplest and more accurate features in 
differentiating AMLs with minimal fat from non-clear cell 
RCCs on three-phase MDCT.

Several studies have described CT imaging features 
of renal oncocytoma, including well-defined margins, 
homogeneous contrast enhancement, presence of a 
central stellate scar, spoke-wheel pattern of arterial 
enhancement and absence of hemorrhage, calcifications 
and necrosis[58,59]. More specifically, renal oncocytoma 
has been described as a sharply-demarcated solid 
homogeneous mass, with homogeneous contrast enhan
cement, except for a hypodense stellate, central area. 
However, these classic findings do not always allow a 
confident characterization of this tumor, because they 
are often seen in patients with RCC[58,59]. MDCT improved 
the diagnostic performance of CT in differentiating these 
tumors[60-62]. The enhancement and washout values 
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Figure 5  The 62-year-old man with clear cell renal cell carcinoma of the left kidney (stage T3a, grade 3). A: Transverse unenhanced computed tomography 
(CT) image shows large heterogenous left renal mass, with small areas of calcifications (long arrow); B: Transverse multiplanar reformation (MPR) during the 
corticomedullary phase demonstrates left renal malignancy (arrow), inhomogeneously enhancing. The left renal vein is dilated and enhances heterogeneously 
(arrowhead) due to neoplastic invasion. VTT enhances with a same pattern as renal cell carcinoma; C: Coronal reformations during the corticomedullary phase depicts 
tumor ill-defined margins and extension into the perinephric fat tissue (arrow). Thickening of the diaphragms of the perinephric space is also seen; D: Coronal MPR 
during the excretory phase shows nonvisualization of the upper calyces and invasion of the middle calyceal group (arrow), a finding strongly suggestive of invasion of 
renal sinus fat. CT findings were confirmed both surgically and pathologically.

A B

C D

Tsili AC et al . MDCT in renal cell carcinoma



in MDCT may aid in distinguishing small oncocytomas 
from RCCs of similar size[60,61]. Bird et al[60] reported 
that early phase enhancement greater than 500% 
and washout values of greater than 50% were mostly 
seen in renal oncocytomas. Kim et al[62] reported 
characteristic contrast enhancement patterns for renal 
oncocytomas smaller than 4 cm in diameter on MDCT. 
The authors assessed segmental enhancement inversion 
during the corticomedullary phase and early excretory 

phase, defined as follows: in a renal mass showing two 
parts with different degrees of enhancement during 
corticomedullary phase, the relatively more enhanced 
part became less enhanced during early excretory phase, 
whereas the less-enhanced part during corticomedullary 
phase became highly enhanced during early excretory 
phase. Segmental enhancement inversion was found 
to be characteristic of small renal oncocytomas in this 
study[62].
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Figure 6  The 74-year-old man with synchronous bilateral renal cell carcinomas of clear cell type (stage T1). Bilateral synchronous renal cell carcinomas 
(RCCs) are uncommon, reported in less than 2% of patients with RCCs. The patient had left radical nephrectomy and right partial nephrectomy. Sagittal multiplanar 
reformations (MPR) (A) and coronal 3D reformation with volume rendering technique (B) during the corticomedullary phase depict a sharly-demarcated tumor in the 
lower pole of the left kidney (arrow, A), strongly and heterogeneously enhancing. Sagittal (C) MPR and (D) 3D reformation with the same algorithm depict a second, 
smaller tumor in the upper pole of the right kidney, with a similar pattern of contrast enhancement. Preoperative information obtained with computed tomography 
examination enabled conservative surgery for the right renal malignancy. 

A B

C D

Figure 7  The 60-year-old woman with clear cell renal cell carcinoma of the left kidney (stage T1a, grade Ⅱ). A: Transverse plain computed tomography (CT) 
image depicts lower pole right renal mass as a focal bulging of the renal contour (arrow), mainly isodense (CT density: 35 HU) to the renal parenchyma; B: Axial 
multiplanar reformation during the corticomedullary phase clearly shows renal malignancy (arrow) moderately and heterogeneously enhancing (mean CT density: 60 
HU). Heterogeneous contrast enhancement on imaging should always suggest renal malignancy preoperatively.

A B
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HISTOLOGIC CHARACTERIZATION OF 
RCC
RCC is considered a clinicopathologically heterogeneous 
disease and is classified into clear cell (conventional), 
papillary, chromophobe, collecting duct carcinoma, 
medullary carcinoma, and unclassified type[15-17]. The 
commonest histologic subtypes are clear cell, papillary, 
and chromophobe, accounting for 70%-80%, 14%-17%, 
and 4%-8% of RCCs, respectively. Each subtype is 
associated with a different prognosis. Clear cell RCC 
has the worst prognosis, with a 5-year survival rate of 
44%-69%, when compared to the 5-year survival rate 
of 82%-92% for papillary RCC and the 5-year survival 
of 78%-87% for chromophobe RCC[15-17]. It has been 
proposed that a preoperative characterization of the 
histologic type of RCC may lead to improvements in 
predicting tumor response to treatment, in providing 
patient counseling, and in individualizing follow-up 
regimens[16,17].

CT findings have been reported to correlate closely 
with the histopathologic characteristics of the more 
common types of RCC[63-73]. Among CT criteria, degree 
of enhancement proved to be the most valuable para
meter[63-69]. More specifically, ccRCCs are more often 
detected as highly hypervascular tumors (Figures 
2-6 and 8), with areas of cystic degeneration and/or 

necrosis, whereas papillary (Figure 1) and chromophobe 
(Figure 9) types are usually more homogeneous and 
hypovascular[63-73]. Kim et al[63] studied the helical CT 
features of 110 RCCs, including tumor size, degree 
and patterns of enhancement, presence or absence of 
calcifications and tumor-spreading patterns. Clear cell 
RCCs showed stronger enhancement than the other 
histologic types, with a mean CT density of 106 ± 48 
HU in the corticomedullary phase and 62 ± 25 HU in the 
excretory phase. When using 84 HU as the cutoff value 
in the corticomedullary phase and 44 HU in the excretory 
phase, the sensitivity and specificity for differentiating 
ccRCC from the other subtypes were 74% and 100%, 
84% and 91%, respectively[63].

Jung et al[67] in a study of 149 small RCCs with 
MDCT, confirmed the presence of heterogeneous and 
strong contrast enhancement as more suggestive for 
the diagnosis of ccRCC, than the papillary and the 
chromophobe type. Young et al[68] recently reported their 
results on the histologic characterization of 277 RCCs with 
multiphasic MDCT, using up to four phases (unenhanced, 
corticomedullary, nephrographic, and excretory phase). 
Clear cell RCCs showed significantly greater enhancement 
in the corticomedullary phase (mean CT density: 125.0 
HU) than do papillary RCCs (53.6 HU), and chromophobe 
RCCs (73.8 HU), reporting accuracies of 85% and 84%, 
respectively in their differentiation[68]. 

During the last 15 years, advances in the study of 
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Figure 8  The 75-year-old man with clear cell renal cell carcinoma of the right kidney, invading the liver. A: Axial plain image shows right heterogeneous right 
renal tumor (arrowhead); B: Transverse reformation during the corticomedullary phase depicts strong, heterogeneous mass enhancement. The tumor (arrowhead) 
enhances mainly in the periphery, with a mean computed tomography density of 110 HU (compared to that of 40 HU on the unenhanced images), a finding more 
compatible with the diagnosis of renal cell carcinoma of the clear cell variety. Central non-enhancing areas corresponded to areas of necrosis on pathology; C: 
Coronal reformation during the same phase shows renal tumor invading the liver (small arrows), a finding confirmed both on surgery and histopathology.
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ccRCC genetics have led to an improved understanding 
of the biological characteristics of this tumor, closely 
correlating with patient’s prognosis and to the deve
lopment of molecular targeted therapies[74-78]. More 
specifically, the gain of the long arm of chromosome 5 
(5q), detected in a sub-set of ccRCCs, correlates with an 
improved 5-year survival rate and the loss of the short-
arm of chromosome 9 (9p) correlates with a lower 5-year 
survival rate[74-78]. Common chromosomal anomalies in 
patients with ccRCC also include the loss of the short 
arm of chromosome 3, the loss of chromosome Y, the 
gain of the short arm of chromosome 5 and the gain 
of chromosome 7[73-77]. Sauk et al[78] in a retrospective 
study of 58 histologically proved and karyotyped ccRCCs 
reported a correlation between multiphasic MDCT 
features and cytogenetic characteristics of ccRCCs. In 
their study, ccRCCs with a deletion of chromosome 3p 
had fewer calcifications than those without this deletion. 
After contrast material administration, the authors 
reported greater enhancement for ccRCCs with loss 
of the Y chromosome than those without the anomaly 
during the corticomedullary phase (mean CT density: 
130.0 HU vs 102.5 HU), also for ccRCCs with trisomy 
5 than those with disomy 5 during the excretory phase 
(115.5 HU vs 83.4 HU), and for ccRCCs with disomy 7 
than those with trisomy 7 during the corticomedullary 
phase (139.3 HU vs 105.8 HU)[78]. 

GRADING OF RCC
Advances in minimally invasive techniques and active 
surveillance protocols have allowed treatment of RCC 
without radical nephrectomy[1]. In these patients, core 
biopsy can be used to assess the pathologic charac
teristics of the tumor. However, core biopsy is not always 
adequate for the assessment of tumor nuclear grade 
(NG)[79,80]. NG is considered an independent predictor 
of cancer-specific survival[10-12]. RCCs of high NG are 
associated with early disease recurrence after therapy and 
with cancer-related mortality in patients with recurrent 
disease[10-12]. Therefore, a non-invasive method that could 

help to predict the histologic characteristics, and more 
specifically NG in patients with RCC would be valuable. 
An inverse association between CT tumor enhancement 
and NG has been reported, with neoplasms of higher 
NG detected with lower enhancement on multiphasic 
contrast-enhanced CT examination[81-83]. Villalobos-Gollás 
et al[81] in a retrospective study of 48 RCCs, 44 of which 
were of clear cell variety evaluated the enhancement of 
the entire neoplasm on the image with most prominent 
areas of enhancement. The authors reported an asso
ciation between higher NG and more advanced-stage 
disease with areas of lower enhancement of the tumor[81]. 
Zhu et al[80] examined tumor enhancement and relative 
enhancement values in the corticomedullary and nephro
graphic phases, by placing a region of interest as large 
as possible within the solid, more avidly enhancing parts 
of 255 ccRCCs. Age older than 58 years, irregular tumor 
margin, and corticomedullary phase relative enhancement 
value of 0.65 or less were identified as independent 
predictors of high tumor NG[80]. One possible explanation 
for the negative association between CT enhancement 
and NG is the presence of histologic necrosis within the 
tumor. Histologic necrosis has been reported to correlate 
with tumor aggressiveness, including higher NG and stage 
and larger size at diagnosis[80]. 

RCC SIZE
Tumor size is a significant part of the current TNM 
staging system[1,9]. It represents a highly important 
predictor of pathologic stage and survival in RCC[84,85]. 
Moreover, the selection of appropriate candidates for 
NSS, along with ablative therapies and active follow-up 
has been largely guided by tumor sizes evaluated by 
imaging modalities.

Although, some reports have shown a certain degree 
of discrepancy between the preoperative CT size of renal 
tumors and the pathologic size[86,87], discrepancies are 
minimal and clinically insignificant in most cases[88-90]. 
Chen et al[88] in a study of 169 renal tumors treated 
with NSS reported an overestimation of renal tumor 
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Figure 9  The 31-year-old man with chromophobe renal cell carcinoma of the left kidney (stage T1b, grade Ⅱ). A: Axial plain image barely depicts upper pole 
left renal mass mainly isodense, with a slight bulging of the renal contour (arrow); B: Coronal reformation during the nephrographic phase clearly depicts left renal 
tumor (arrow). The neoplasm enhances moderately and homogeneously [computed tomography (CT) density: 70 HU, when compared to the CT density of 35 HU on 
unenhanced images]. A thin hyperdense rim surrounds renal malignancy, proved to correspond to fibrous pseudocapsule histologically.
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size by CT, as compared with the histopathology report. 
But the discrepancy was only 0.22 cm with little clinical 
significance, suggesting that CT is an accurate method 
to measure renal tumor size preoperatively[88]. Choi et 
al[89] in a study of 175 localized RCCs on a 16-row CT 
scanner, reported a good correlation between the CT 
and pathologic tumor sizes, although an overestimation 
of the size was observed for tumors less than 6 cm in 
diameter. Lee et al[90] in a retrospective study of 435 
RCCs compared the radiographic tumor size, defined as 
the largest diameter measured on CT images with the 
pathologic size. Although, the authors found that CT size 
overestimated pathologic size, the observed differences 
were minimal, less than 1 mm, even for small-sized 
RCCs (4-5 cm in diameter, for which the discrepancies 

were only about 2 mm), and therefore insignificant[90].

STAGING OF RCC
RCC confined to renal capsule
RCCs generally do not have a true histologic capsule, but 
are surrounded by a pseudocapsule[91]. The presence 
of a pseudocapsule surrounding RCC is considered as 
a histologic feature of early-stage disease[1,91]. These 
neoplasms are often of small size and of low grade[1,91]. 
Pseudocapsule formation is the result of tumor growth, 
producing compression, ischemia, and necrosis of the 
adjacent renal parenchyma, and resulting in deposition 
of fibrous tissue[91,92]. 

MRI has been reported as an accurate technique in 
the detection of renal pseudocapsule, when compared 
with CT, angiography and gray-scale sonography, with 
accuracies ranging from 74%-93%[93-96] Pseudocapsule 
appears as a hypointense rim between the neoplasm 
and the normal renal parenchyma on T2-weighted 
images[93-96]. Yamashita et al[94] in a study of 54 RCCs 
reported an accuracy of 74% in the detection of renal 
pseudocapsule with MRI and T2-weighted images. At 
contrast-enhanced CT, the psedocapsule was not visible 
in any tumors in this study, probably due to the similar 
contrast enhancement by both the pseudocapsule and 
the surrounding renal parenchyma[94]. Takahashi et al[95] 
assessed the diagnostic performance of multidetctor 
CT, selective angiography and MRI in the detection of 
renal pseudocapsule in 42 RCCs. A pseudocapsule was 
detected on 26% of neoplasms on CT, as a hypodense 
or hyperdense rim surrounding RCC, on 67% of neo
plasms on angiography, as a radiolucent rim and on 
93% of tumors on T2-weighted sequences on MRI, 
as a low signal intensity rim[95]. Contrast-enhanced 
sonography improved the diagnostic performance of 
conventional ultrasound in the preoperative detection 
of renal pseudocapsule[97]. A sensitivity of 85.7% has 
been reported by Ascenti et al[97] with sonographic 
contrast agents, detecting pseudocapsule, as a contrast-
enhancing rim, surrounding the tumor, usually with late 
enhancement. 

Multiphase MDCT improved the diagnostic per
formance of CT in the detection of this finding[98]. A 
retrospective study of 29 RCCs reported an accuracy of 
83% in the detection of renal pseudocapsule with MDCT. 
In this study a four-phase (unenhanced, arterial, portal 
and nephrographic-excretory phase) CT protocol and 
multiplanar reformations in the transverse, coronal and 
sagittal planes of each post-contrast phase were used 
for CT data interpretation. Portal and nephrographic 
phase, with coronal and sagittal reformations proved 
more accurate in the detection of this finding. Renal 
pseudocapsule was mainly detected as a hyperdense 
rim surrounding RCC, seen on both phases (Figures 2A, 
9B and 10) and this was due to the presence of fibrous 
tissue. In four cases, a hypodense renal pseudocapsule 
was revealed (Figure 11) detected only on portal phase 
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Figure 10  The 50-year-old man with clear cell-chromophobe renal cell 
carcinoma of right kidney (grade 3, pT1b). A: Coronal reformatted images in 
corticomedullary; B: Nephrographic phases depict hyperdense rim (arrowhead) 
surrounding the tumor; C: Histologic section (H and E, × 400) shows fibrous 
pseudocapsule (arrow) between tumor and adjacent normal renal parenchyma.
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reformations[98].

Spread to perinephric tissues
The TNM classification system characterizes advanced 
RCC within Gerota’s fascia as T3. T3a stage RCCs are 
characterized by tumor grossly invading the renal vein or 
its segmental branches, or invading perinephric (PN) fat 
and/or renal sinus (RS) fat[1]. RCCs with PN fat invasion 
have to penetrate the renal capsule, and tumors with 
RS fat invasion directly invade the RS fat, due to lack of 
any capsule at this area. The presence of either PN fat 
invasion or RS fat invasion, and invasion of both renal 
fat compartments were significantly associated with 
synchronous nodal or distant metastases, higher tumor 
grade and greater tumor dimensions, when compared 
to patients with no PN fat invasion[99]. Siddiqui et al[99] 
in a retrospective study of 163 pT3a RCCs concluded 
that PN and RS fat infiltration was associated with death 
from RCC independent of tumor size. Infiltration of the 
perinephric fat is also a crucial point when planning NSS. 
Radical nephrectomy is mandatory in these patients[1].

Perirenal or perinephric space is a cone-shaped 
retroperitoneal compartment, which is bounded by the 
anterior (Gerota’s fascia) and posterior (Zuckerkandl’s 
facsia) layers of the renal fascia and contains the kidney, 
adrenal gland, proximal ureter, a prominent amount of 
fat, a rich network of perirenal vessels and lymphatics, 
and small-sized lymph nodes[100,101].

The renal fascia measures 1-3 mm in thickness, and 
the posterior layer is thicker and more often visualized 
than the anterior layer[100,101]. Thickening of the renal 
fascia is a sensitive but nonspecific sign, indicating either 
neoplastic or non-neoplastic adjacent diseases[100,101]. 
Perinephric space is divided into multiple compartments 
by thin fibrous lamellae and bridging septa[102]. Kunin[102] 
described three groups of septa. Group Ⅰ septa arise from 
the renal capsule and extend to the renal fascia. Group 
Ⅱ septa are attached to the renal capsule, paralleling 
more or less the renal surface. Group Ⅲ represents the 
commonest type, connecting the anterior and posterior 

leaves of the perinephric space[102]. Thickening of the 
bridging septa (perinephric stranding) is not a reliable or 
specific sign in diagnosing neoplastic infiltration of the PN 
fat tissue[100,101]. A variety of neoplastic and nonneoplastic 
processes, may involve the perirenal space, including 
RCC, inflammation, edema, vascular engorgement, 
hematoma, or fat necrosis[100,101]. Perinephric stranding 
is also reported in about half of RCCs confined within the 
kidney. 

Detection of PN fat invasion in RCC and differentiation 
between T1/T2 and T3a stages was the commonest 
staging error with spiral CT[5,33]. CT criteria used to 
diagnose neoplastic invasion of PN fat include the 
following: thickening of the renal fascia, thickening of 
the bridging septa (perinephric stranding), presence 
of fluid, presence of peritumoral vessels, defined as 
asymmetrically enlarged, often irregular vessels within 
Gerota’s fascia, tumor margins and presence of neoplastic 
nodules within the PN fat, enhancing after contrast 
material administration[33,103-106]. Multiphase MDCT 
with multiplanar reformations improved the diagnostic 
performance of CT in detecting PN fat infiltration[33,103-106]. 
Catalano et al[33] by using three-phase MDCT protocol 
with thin slices reported an overall accuracy of 95% 
in diagnosing PN fat invasion, using the presence of 
hyperdense streaks and nodules surrounding RCC as CT 
signs to suggest neoplastic infiltration. Kim et al[105,106] 
reported high accuracies for MDCT in detecting PN fat 
invasion, using tumor size, irregular tumor margins and 
nodular appearance of the PN fat, as predictors for PN 
fat invasion. In a retrospective study of 48 RCCs on a 
16-row CT scanner, the most significant predictors in 
diagnosing PN fat invasion were the presence of contrast-
enhancing nodules in the PN fat and tumoral margins, 
with an overall accuracy of 85.4%, for both CT criteria 
(Figures 3B and 5C)[103].

The renal sinus is a central compartment formed by 
the extension of the PN space into the medial surface 
of renal parenchyma. The fibrous capsule terminates at 
the RS region, resulting in the absence of any barrier 
preventing the extension of neoplastic cells into the 
rich network of lymphatics vessels and veins within the 
RS[107]. RS fat invasion is associated with aggressive 
tumors at increased risk for dissemination. Thompson 
et al[108] showed that ccRCCs invading the RS fat are 
more aggressive that tumors with PN fat infiltration 
only. These neoplasms were more likely to have high 
NG, regional lymph node metastases and sarcomatoid 
differentiation. CT criteria used to diagnose invasion of 
RS fat include the following: extension to the renal sinus, 
proximity to the pelvicaliceal system, and invasion of the 
pelvicaliceal system[103]. Among them, renal collecting 
system invasion was proved to be the single most 
significant predictor of RS fat invasion (Figure 5D)[103]. 
None of the other two CT signs proved reliable in the 
diagnosis of RS fat infiltration. Some RCCs may distort 
the RS complex and protrude, without signs of invasion. 
The proximity of a tumor to a neighboring structure, as 
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Figure 11  The 44-year-old woman with clear cell renal cell carcinoma of left 
kidney (grade 2, pT1a). Computed tomography image demonstrates hypodense 
rim (arrowhead) around neoplasm detected only on coronal reformations during 
portal phase. The presence of pseudocapsule was confirmed on histology.
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the pelvicaliceal system, does not always correspond to 
neoplastic infiltration on histopathology[103].

Venous extension
Extension of RCC into the renal vein alone (stage T3a) 
occurs in approximately 23% of patients[4]. Tumor 
involvement of the inferior vena cava (T3b, T3c) is seen in 
approximately 4%-10% of patients and is more common 
in right-sided tumors[4]. A venous tumour thrombus 
(VTT) into the inferior vena cava in patients with RCC is 
a significant adverse prognostic factor[1]. Excision of the 
VTT is recommended in patients with non-metastatic 
RCC[1]. Accurate preoperative evaluation for the presence 
and extent of the VTT in the renal vein and/or the inferior 
vena cava is important for planning the appropriate 
surgical approach for thrombectomy, and minimizing the 
risk of intraoperative tumoral embolism[4,28-33,109-112]. The 
level of involvement of the inferior vena cava, whether 
infrahepatic, retrohepatic or supradiaphragmatic dictates 
the mode of surgical approach[113]. 

MDCT has been reported as highly accurate in the 
diagnosis of spread of RCC into the renal vein, with 
a reported negative predictive value of 97% and a 
positive predictive value of 92%[4,28-33,109-112]. MDCT is 
also effective in delineating the superior extent of inferior 
vena cava thrombus, with staging results similar to 
that of MRI[4,28-33,109-112]. Venous extension is optimally 
detected during the corticomedullary phase, when 
contrast enhancement of the venous system is maximal. 
The use of combination of axial images and multiplanar 
reconstructions is necessary for the assessment of 
the extension of VTT. The most specific sign of venous 
invasion is the presence of a low-attenuation filling defect 
within the vein. The CT characteristics of the thrombus 
help differentiate neoplastic from bland thrombus. 
Direct continuity of the thrombus with the primary mali
gnancy suggests metastatic invasion. Heterogeneous 
enhancement of the thrombus, with a pattern similar 
to that of RCC also indicates tumoral thrombus (Figures 

1B, 1C, 5B and 12)[4,28-33,109-112]. An abrupt change in the 
caliber of the vein and/or the presence of a clot within 
collateral veins are considered as ancillary findings 
suggesting neoplastic involvement. Enlargement of the 
renal vein alone is not a reliable sign, since it may be due 
to increased blood flow within a hypervascular RCC or it 
may represent a normal variant[4,28-33,109-112]. 

Invasion of the inferior vena cava wall (T3c) is 
considered an adverse prognostic sign, with a 5-year 
survival rate of 25% and 69% for patients with tumor 
invading the inferior vena cava wall and those with free-
floating neoplastic thrombus into the inferior vena cava, 
respectively[45]. Infiltration of the inferior vena cava wall 
will also complicate surgical resection, because prosthetic 
reconstruction is usually needed in these patients[45,114]. 
Focal enhancement of the vena cava wall, or infiltration 
of adjacent soft tissues, indicates vena cava wall invasion 
on CT examination[45].

Local organ invasion (beyond the Gerota’s fascia, 
including contiguous extension into the ipsilateral 
adrenal gland)
Assessment of the adrenal gland is important in patients 
with RCC for surgical planning. Multivariate analysis in 
a prospective study comparing the outcomes of radical 
or partial nephrectomy with, or without, ipsilateral 
adrenalectomy showed that upper pole tumor location 
was not predictive of adrenal involvement, but tumour 
size was predictive[115]. The current trend is to spare the 
ipsilateral adrenal gland, because ipsilateral adrenalectomy 
does not provide a survival advantage[1,115]. Adrenalectomy 
is justified in cases suspicious for metastatic spread, based 
on radiographic and/or intra-operative findings[1].

MDCT with multiplanar and 3D-reconstructions provide 
satisfactory results in assessing possible invasion of the 
adrenal gland[4,8-33,45]. Visualization of a normal adrenal 
gland at CT has been reported to be associated with a 
100% negative predictive value for tumoral invasion, 
at pathologic analysis. CT signs that strongly suggest 
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Figure 12  The 64-year-old man with clear cell renal cell carcinoma of the right kidney, invading the renal vein and the inferior vena cava (stage T3b, grade 3).  
A: Coronal multiplanar reformations during the corticomedullary phase depicts large, inhomegeneously enhancing right renal tumor (arrow); B: Coronal 3D-display with 
maximum intensity projection technique during the same phase shows neoplastic thrombus invading left renal vein and the inferior vena cava (arrowheads). Coronal 
reformations clearly show venous invasion extending below the level of the diaphragm. Perinephric stranding and abnormal vessels are detected in the ipsilateral 
perinephric space, although pathology was negative for perinephric fat invasion. 
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invasion of the adrenal gland include the following: 
adrenal enlargement, displacement, or nonvisualization; 
adrenalectomy should be performed in these cases[4,28-33,45].

Direct extension of RCC outside Gerota’s fascia 
and into neighboring organs (stage T4) is not always 
straightforward to diagnose, unless there is a definite 
focal change in CT density within the affected organ 
(Figures 3C and 8). Loss of fat tissue planes and irregular 
margins between RCC and adjacent organs raise the 
possibility of neoplastic invasion, although this is not 
always confirmed on histopathology[4,28-33,45]. Multiplanar 
and 3D-reconstructions help in depicting the relationship 
of RCC to the adjacent organs in multiple planes 
and orientations, therefore improving the diagnostic 
performance of MDCT[4,28-33,45].

Regional lymph node metastases
The presence of regional lymph node (LN) metastases in 
RCC implies a poor prognosis, with reported 5-year survival 
rates of 5%-30%[4]. The role of lymph node dissection in 
RCC remains controversial[4,116]. In patients with localized 
RCC, without clinical evidence of LN metastases, lymph 
node dissection is not recommended[1]. In patients with 
localized disease and clinically enlarged LNs, the survival 
benefit of LN dissection is unclear. In these cases, LN 
dissection is suggested mainly for staging purposes 
or local control[1]. Clinical assessment of LNs status is 
based on enlargement of LNs on CT and/or MRI and on 
intraoperative assessment by direct palpation. However, 
in patients with clinically enlarged LNs, only less than 20% 
of clinically positive LNs are confirmed to be metastatic at 
histologic examination[1]. 

The main CT criterion to diagnose metastatic LN 
involvement is the size[4,28-33,45]. Retroperitoneal LNs with 
a short-axis diameter larger than 1 cm are suspicious 
for neoplastic invasion (Figure 13). A cutoff value of 1 
cm as the upper limit for normal LNs has significant 
limitations. One is the inability to recognize possible 
micro-metastases, resulting in false-negative findings 
in approximately 10% of cases. Furthermore, false-
positive findings vary between 3%-43%, mostly due 

to LN enlargement caused by reactive hyperplasia. 
The enhancement pattern of the node may also help 
differentiate reactive from malignant adenopathy; 
metastatic LNs usually present with heterogeneous 
enhancement. The presence of a hypodense center 
after contrast material administration, proved to corres
pond to necrosis on pathology, is considered a highly 
specific finding, with a positive predictive value of 
100% in diagnosing metastatic lymphadenopathy. LNs 
enhancement with a pattern similar to that of the primary 
tumor also signifies metastatic disease (Figure 13). 

Distant metastases
Metastatic disease occurs in a significant percentage of 
patients with RCC. At presentation, 25%-30% of RCCs 
have distant metastases[1]. A median survival of 6-9 mo 
has been reported for metastases left untreated and 
a 2-year survival rate of 10%-20% after treatment. 
The sites of distant metastases from RCC, in order of 
decreasing frequency are: lungs (50%-60%), bones 
(30%-40%), liver (30%-40%), and adrenal gland, 
contralateral kidney, retroperitoneum, and brain (5% 
each)[117]. Practically any organ may be affected. 

Imaging has an important role in assessing the 
extent of metastatic disease. CT is considered the 
examination of choice in the detection of intraabdominal 
metastases (Figures 3, 13 and 14). Like the primary 
RCC, metastatic lesions are often hypervascular. The 
optimal phase for their detection is the corticomedullary 
phase, because they may be obscured on late-phase 
images.

CONCLUSION
Multidetector multiphase CT with multiplanar and 
3D-displays remains the primary imaging modality 
for the detection of RCC, with high staging accuracies. 
CT features may prove useful in differentiating RCC 
from benign renal tumors. CT examination may help 
in the preoperative characterization of the histologic 
subtype of RCC. Tumor enhancement patterns of ccRCC 
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Figure 13  The 70-year-old man with advanced-stage papillary renal cell carcinoma of the left kidney. Coronal multiplanar reformations during the nephrographic 
phase show large, mainly cystic left renal mass, with solid contrast-enhancing components (arrowheads). Enlarged retroperitoneal LNs, inhomogeneously enhancing 
(arrow, A) are detected, compatible with metastatic lymphadenopathy. Liver (arrowhead, B) and right adrenal (long arrow, B) metastases are also seen. All metastatic 
deposits have a similar pattern of enhancement.
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are associated with Fuhrman grade and cytogenetic 
characteristics.
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computed tomography image of the thorax demonstrates enlarged mediastinal lymph nodes (arrow), with heterogeneous enhancement, suggestive for metastatic 
invasion.
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