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         Introduction    

 The incidence of kidney cancer has been increasing steadily 
for the past 65 years. Kidney cancer incidence and mortality 
rates are more than twice as high in men as in women. Renal 
cell carcinoma (RCC) accounts for 3 % of adult malignan-
cies. Although RCC comprises the majority of solid renal 
neoplasms, benign tumors constitute a signi fi cant proportion 
of surgically resected renal masses. Ultrasound is the  fi rst 
method in evaluation of patients with suspected renal mass. 
Computed tomography (CT) is useful in detecting and char-
acterizing renal masses and in staging renal malignancies 
(Table  1.1 ). Magnetic resonance imaging (MRI) can reveal 
internal structure of the lesions.   

   Benign Renal Neoplasms 

 Benign renal neoplasms are classi fi ed according to the cell 
type of the tumor (Table  1.2 ).  

   Oncocytoma 

   General Information 
    Solid epithelial neoplasm.  • 
  Represents between 10 % and 15 % of small (<3 cm) • 
solid renal neoplasms.  
  Typical presentation of oncocytoma is between sixth and • 
seventh decades.  
  Incidence of bilateral oncocytoma is 5 %, and bilateral • 
multifocal oncocytoma is <2 %.     
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   Table 1.1    Renal mass CT protocol   

 Contrast 
 Oral (750 mL of water) and 
intravenous contrast (120 mL) 

 Noncontrast images  ST: 5 mm 
 RT: 0.5 s 
 SA: Top of the liver to bottom 
of the kidneys 

 Corticomedullary phase  ST: 5 mm 
 RT: 0.5 s 
 RI: 2.5 mm 
 ScT: 30 s delay 
 SA: Top of liver to bottom of 
the kidneys 

 Nephrographic phase  ST: 5 mm 
 RT: 0.5 s 
 RI: 2.5 mm 
 ScT: 80 s delay 
 SA: Top of liver to symphysis 
pubis 

 Delayed phase  ST: 5 mm 
 RT: 0.5 s 
 RI: 2.5 mm 
 ScT: 5 min delay 
 SA: Top of liver to bottom of 
kidneys 

   ST  section thickness,  RT  rotation time,  SA  scanning area,  RI  reconstruc-
tion interval,  ScT  scanning time  



2 M.R. Onur et al.

   Imaging 
   Ultrasound 

  Ultrasound is nonspeci fi c and shows usually a smooth well-• 
de fi ned renal mass with mixed echogenicity (Fig.  1.1a, b ).    

  Computed Tomography 
  Well-de fi ned mass with smooth, rounded margin.  • 
  Usually solitary, but may be multiple and/or bilateral.  • 
  Calci fi cations are rare.  • 
  Small oncocytomas are usually homogeneous in appear-• 
ance on contrast-enhanced CT scans.  
  A central, sharply de fi ned stellate scar is present in • 
25–33 % of large oncocytomas and is highly suggestive of 
the diagnosis (Fig.  1.2a ). A central scar can also be seen 
in renal cell carcinoma, particularly chromophobe RCC.   

  CT cannot distinguish between an oncocytoma and RCC.   • 
  Magnetic Resonance Imaging 

  Oncocytoma is isointense to hypointense to the normal • 
renal parenchyma on T1-weighted images and has a vari-
able appearance on T2-weighted images (Fig.  1.2b, c ).  
  Central scar as in CT suggests the diagnosis of oncocy-• 
toma (Fig.  1.2d ).  
  Postgadolinium enhancement of oncocytoma is less than • 
the surrounding normal renal parenchyma.   

  Angiography 
  Spoke-wheel pattern, homogenous nephrogram, and a • 
smooth margin     

   Pathology 
    Oncocytoma is derived from the intercalated cells of renal • 
collecting tubules and accounts for about 5 % of surgi-
cally excised renal neoplasms (Figs.  1.3  and  1.4 ).    
  Males are affected about twice as often as females, and • 
average patient age is 62 years. Rare cases in children 
have been reported.  
  Although oncocytoma is usually asymptomatic, and most • 
are discovered incidentally, it presents occasionally with 
the “classic triad” of hematuria,  fl ank pain, and palpable 
abdominal mass.  
  Most oncocytomas are solitary, but rare cases of multiple • 
oncocytomas arising in a single kidney (renal oncocy-
tomatosis) occur, and in 4 % of cases, oncocytoma is 
bilateral. It is considered benign.      

   Papillary Adenoma 

    Papillary adenomas are 5 mm or less in diameter in size • 
and typically subcapsular in location.  

   Table 1.2    World Health Organization (WHO) classi fi cation of benign 
renal neoplasms   

 Renal cell 
tumors 

 Metanephric 
tumors 

 Mesenchymal 
tumors 

 Mixed epithelial 
and mesenchymal 
tumors 

 Oncocytoma  Metanephric 
adenoma 

 Angiomyolipoma  Cystic 
nephroma 

 Renal 
cortical 
(papillary) 
adenoma 

 Metanephric 
stromal tumor 

 Leiomyoma  Mixed 
epithelial and 
stromal tumor 

 Metanephric 
adeno fi broma 

 Hemangioma 

 Lymphangioma 
 Reninoma 
 Fibroma 
 Schwannoma 
 Congenital 
mesoblastic 
nephroma 

a b

  Fig. 1.1    Oncocytoma. ( a ) Gray-scale ultrasound demonstrates a well-de fi ned mass ( arrow ) isoechoic to the renal parenchyma. ( b ) Color  fl ow 
Doppler ultrasound reveals prominent peripheral and minimal internal blood  fl ow       
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  They are very common, being found in 21 % of patients • 
overall, in 10 % of patients aged 21–40 years, and in 40 % 
of patients aged 70–90 years, and they are particularly 
common in patients undergoing chronic dialysis, being 
present in 33 % of patients with acquired cystic renal 
disease.  
  Since by de fi nition they are 5 mm or less in diameter, they • 
are not detectable by radiological studies.     

   Metanephric Neoplasms 

    Metanephric neoplasms are a heterogeneous group of • 
renal neoplasms that include metanephric adenoma (epi-
thelial tumor), metanephric stromal tumor (stromal neo-
plasm), and metanephric adeno fi broma (mixed epithelial 
and stromal neoplasm), all of which are considered 
benign. A single well-documented case of metanephric 
adenosarcoma has been reported.    

a b
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  Fig. 1.2    CT and MRI  fi ndings of oncocytoma. ( a ) Axial CT image at 
nephrogram phase demonstrates avidly enhancing large mass arising 
from right kidney with stellate shape central scar tissue ( arrow ) which 
shows no enhancement. ( b ) Axial T1-weighted MRI of same patient 
reveals hypointense right kidney mass ( arrow ). ( c ) The lesion has 

intermediate signal intensity on proton density image ( arrow ). ( d ) Axial 
fat-saturated T1-weighted image after intravenous gadolinium adminis-
tration reveals contrast enhancement of mass ( arrow ). Unenhanced cen-
tral region of the lesion represents scar (*)       

  Fig. 1.3    Oncocytoma. Renal oncocytomas are typically solid and 
mahogany brown, less often  tan to pale yellow  and well circumscribed, 
with varying degrees of encapsulation. They range from 0.3 to 26 cm in 
greatest dimension. About one-third show central scarring; infrequently, 
they exhibit hemorrhage, focal cystic degeneration, tumor extension 
into perirenal fat, and, rarely, tumor growth into large blood vessels       
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   Metanephric Adenoma 
   General Information 

    Metanephric adenomas account for 0.2 % of adult renal • 
epithelial tumors.  
  Metanephric adenoma is asymptomatic in approximately • 
50 % of patients; abdominal pain and hematuria are com-
mon clinical symptoms.  
  Polycythemia, a characteristic  fi nding seen in approxi-• 
mately 10 % of patients with metanephric adenoma, com-
pletely resolves after surgical resection.     

   Imaging 
   Ultrasound 

  Their appearance on sonography is variable. Exophytic • 
solid lesion with irregular contours and cystic areas within 
the lesion may be observed.   

  Computed Tomography 
  Well-demarcated and round lesions.  • 
  These tumors are usually solitary and hyperdense on • 
unenhanced CT and are hypovascular on enhanced CT.  
  Calci fi cation is seen in 20 % of tumors.   • 

  Magnetic Resonance Imaging 
  These tumors are hypo- or isointense on T1-weighted and • 
slightly hyperintense on T2-weighted MRI sequences.     

   Pathology 
    Metanephric adenoma is the commonest of a class of rare • 
renal tumors that also include metanephric stromal tumor, 

metanephric adeno fi broma, and metanephric adenosar-
coma (Figs.  1.5  and  1.6 ).    
  It occurs in children and adults and is twice as common in • 
females as in males.  
  It is usually asymptomatic, although some patients have • 
been noted to have polycythemia; most cases have been 
discovered incidentally. Its biologic behavior is benign.      

  Fig. 1.4    Oncocytoma. 
Oncocytoma is composed mainly 
of round to polygonal cells with 
densely granular eosinophilic 
cytoplasm, round uniform nuclei 
with smoothly distributed 
chromatin, and a central 
nucleolus. Mitotic  fi gures are 
absent or rare. Findings that 
exclude the diagnosis of 
oncocytoma include areas of 
clear cell or spindle cell 
carcinoma, prominent papillary 
architecture, macroscopic or 
conspicuous microscopic 
necrosis, signi fi cant numbers of 
mitotic  fi gures, and atypical 
mitotic  fi gures       

  Fig. 1.5    Metanephric adenoma. Metanephric adenoma ranges from 
0.3 to 20 cm in diameter. It is typically unilateral and unifocal and is 
either unencapsulated or invested with only a limited and discontinuous 
pseudocapsule. Tumors are  tan to gray to yellow , soft to  fi rm, and most 
are solid, but some have areas of hemorrhage, necrosis, and cystic 
degeneration, as exempli fi ed in this image. Calci fi cations are often 
present in solid areas or in the walls of cystic structures       
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   Metanephric Stromal Tumor 
   General Information 

    Rare benign stromal tumor of the kidney. Most are diag-• 
nosed in the  fi rst decade of life. Presenting symptom is 
usually abdominal mass.     

   Imaging    
   Ultrasound 

  Heterogeneous mass with solid and cystic components. • 
Solid component is isoechoic to renal parenchyma.   

  Computed Tomography 
  Hypodense mass on unenhanced CT with lobulated • 
contours.  
  Contrast-enhanced CT reveals slight peripheral nodular • 
contrast enhancement on delayed venous phase.   

  Magnetic Resonance Imaging 
  Lesions show low signal intensity on T1-weighted • 
images. Only cystic portions can be visualized sepa-
rately from renal parenchyma on T2-weighted 
images.  
  Contrast enhancement pattern is similar to CT.      • 

   Metanephric Adeno fi broma 
    Occurs in children and young adults.  • 
  Comprised of a mixture of stromal elements (identical • 
to those in metanephric stromal tumor) and well-
de fi ned areas of immature epithelium (tubules and 
papillae).      

   Mesenchymal Neoplasms 

   Angiomyolipoma (AML) 
   General Information 

    AMLs are benign neoplasms composed of blood vessels, • 
smooth muscle, and fatty tissue.  
  May be sporadic as well as associated with tuberous scle-• 
rosis. Sporadic occurrence is much more common, 
accounting for 80–90 % of cases of AML (Fig.  1.7a–c ).   
  Up to 80 % of patients with tuberous sclerosis have AMLs, • 
which are usually multiple and bilateral (Fig.  1.8a–d ). In 
tuberous sclerosis, tumors of various types arise in the 
brain, retina, kidneys, heart, and skin (Fig.  1.8e, f ).   
  Larger tumors may be symptomatic presenting with pain, • 
hematuria, and intratumoral hemorrhage.     

   Imaging 
   Ultrasound 

  Round or oval well-circumscribed tumors. These tumors • 
may be exophytic or intracortical.  
  AMLs are identi fi ed on ultrasound by the intense echogenic • 
appearance of the fat within these tumors (Fig.  1.7a ).  
  Although highly suggestive, echogenicity is not pathog-• 
nomonic of AMLs and may also be rarely seen in RCCs.  
  Sometimes they may appear heterogeneous secondary • 
to hemorrhage and necrosis (Fig.  1.9 ). They have high 
propensity to hemorrhage when larger than 4 cm in 
size.    

  Fig. 1.6    Metanephric adenoma. 
Metanephric adenoma is 
composed of very small acini 
separated by variable amounts of 
acellular edematous or hyalinized 
stroma. Tumor cells are closely 
spaced, often overlapping, and 
have minimal cytoplasm. Their 
nuclei are small and dark and 
lack nucleoli; mitotic  fi gures are 
absent or rare. About half of 
cases show papillary structures 
consisting of polypoid fronds or 
short papillary infoldings within 
tubular or cystic spaces, 
producing a glomeruloid 
appearance ( arrow )       

 



6 M.R. Onur et al.

a

b

c

SAG RT kidney

LOGIQ
E9

  Fig. 1.7    Angiomyolipoma. ( a ) Longitudinal view of gray scale ultra-
sound demonstrates hyperechoic mass ( arrow ) in the renal parenchyma of 
lower third of the right kidney. ( b ) Axial contrast-enhanced CT of same 
patient reveals well-de fi ned fat-containing mass ( arrow ) with minimal 
enhancement arising from right kidney. ( c ) Unenhanced CT of another 
patient demonstrates a fat-containing mass ( arrow ) in the right kidney       

  Fig. 1.8    Bilateral angiomyolipomas in tuberous sclerosis. ( a ) 
Noncontrast-enhanced CT demonstrates multiple, lobulated, hypodense 
fat-containing bilateral renal masses ( arrows ). ( b ) Bilateral renal angio-
myolipomas ( arrowheads ) in a patient with tuberous sclerosis appear 
hyperintense on in-phase image of dual-echo sequence. ( c ) Out-of-phase 
image reveals signal loss around the lesions ( arrowheads ) which 
con fi rms fat content of AMLs. ( d ) Bilateral AMLs present with signal 
loss and appear hypointense ( arrowheads ) on axial fat-saturated 
T2-weighted MRI. ( e ) Axial    T2-weighted MRI of another patient with 
tuberous sclerosis demonstrates subependymal tubers ( arrows )       
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  Computed Tomography 
  Well-circumscribed renal masses with intratumoral mac-• 
roscopic fat.  
  Lesions without detectable fat cannot be distinguished • 
from other renal neoplasms on CT. Approximately 5 % 
of AMLs do not show fat attenuation on CT scans and 

cannot be differentiated from renal cell cancer (Fig.  1.7b ). 
Fat may also be obscured secondary to intratumoral 
hemorrhage.  
  Although AMLs are benign tumors, they may show evi-• 
dence of extension into the renal vein and inferior vena 
cava.  
  Bleeding angiomyolipomas have heterogeneous appear-• 
ance on CT with blood density (Fig.  1.10 ).    

  Magnetic Resonance Imaging 
  AML is identi fi ed on opposed phase chemical shift MRI • 
by the presence of India ink artifact (loss of signal at the 
interface of fat- and nonfat-containing areas) at the inter-
face of mass and renal parenchyma, or within the renal 
mass (Fig.  1.8c ).  
  Fat-saturated T1- and T2-weighted sequences can con fi rm • 
the presence of fat by demonstrating loss of signal 
(Fig.  1.8d ).     

   Pathology 
    The majority of patients with AML are female (Figs.  • 1.11  
and  1.12 ).    
  AML is a true neoplasm, about half of which arise spo-• 
radically; the other half occur in patients with tuberous 
sclerosis, a heritable genetic disorder linked to loss of 
heterozygosity on chromosome 16p.  

e

d

Fig. 1.8 (continued)

  Fig. 1.9    Angiomyolipoma. Gray-scale ultrasound demonstrates an 
exophytic angiomyolipoma ( short arrow ) with a heterogeneous appear-
ance arising from the kidney ( long arrow )       
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  Up to 80 % of patients with tuberous sclerosis develop • 
AML, most often between the ages of 25–35 years, 
and AMLs arising in this setting tend to be small, 
multiple, bilateral, and asymptomatic. In contrast, 
most patients who develop sporadic AML are between 
45 and 55 years old at the time of diagnosis, and their 
tumors are more often large and solitary and more 
likely to cause symptoms (such as  fl ank pain) than 
heritable AML.  
  Although it is intrinsically benign, angiomyolipoma has • 
been associated with a variety of complications, the most 
common of which is hemorrhage, particularly in tumors 
larger than 4 cm. Less common complications include 
unresectability due to in fi ltration of local structures, the 
development of secondary leiomyosarcoma, and oblitera-
tion of functioning renal parenchyma by innumerable 
bilateral tumors and subsequent renal insuf fi ciency in 
patients with tuberous sclerosis.      

   Juxtaglomerular Neoplasm (Reninoma) 
   General Information 

    Rare tumors, usually presenting with hypertension and • 
hypokalemia due to hypersecretion of renin hormone.  
  Most commonly occurs in young women in the reproduc-• 
tive age group.     

   Imaging 
   Ultrasound 

  Smooth well-marginated homogeneous mass, usually • 
hypo- to isoechoic (Fig.  1.13a ). Lesion is located within 
the renal cortex.    

  Computed Tomography 
  Smooth and sharply marginated mass.  • 
  May appear heterogeneous in the presence of hemorrhage.  • 
  Minimal enhancement on contrast-enhanced CT.   • 

  Magnetic Resonance Imaging 
  Isointense to hypointense to normal cortex on T1-weighted • 
images and hypo- or hyperintense to normal cortex on 
T2-weighted images (Fig.  1.13b ).  
  Postgadolinium enhancement is less than the surrounding • 
normal renal parenchyma on delayed phase images 
(Fig.  1.13c, d ).     

   Pathology 
    Juxtaglomerular cell tumor arises from specialized smooth • 
muscle cells that comprise the vasculature of the juxta-
glomerular apparatus (Figs.  1.14  and  1.15 ).    
  It is twice as more common in females than in males. • 
Although patient age range is from 6 to 69 years, the 
majority of patients are in their 20s and 30s, with a mean 
age of 27 years. Clinical  fi ndings are distinctive and often 
diagnostic preoperatively. Patients report pain, headache, 
polyuria, nocturia, dizziness, and vomiting, and almost all 

  Fig. 1.10    AML with hemorrhage. Contrast-enhanced CT reveals bilateral 
hypodense AMLs ( arrowheads ). A heterogeneous hematoma (*) medial 
to the kidney is visualized with increased perirenal density ( arrows )       

  Fig. 1.11    Angiomyolipoma ( AML ). Angiomyolipomas may be located 
in the renal cortex, medulla, or capsule and may be solitary or multiple. 
Most that are removed surgically are greater than 4 cm in diameter and 
can be as large as 30 cm in greatest dimension. They are typically 
smoothly rounded or ovoid, circumscribed but not encapsulated.    They 
may compress and distort adjacent normal kidney but do not in fi ltrate it. 
Infrequently, extension into perirenal fat or renal vein is observed. A 
tumor composed mainly of fat may resemble lipoma, and one mainly 
composed of smooth muscle may mimic leiomyoma       

  



91 Renal Neoplasms

have labile and refractory hypertension. They typically 
have high serum renin levels, elevated serum aldosterone, 
and hypokalemia. Surgical excision of the tumor usually 
normalizes the patient’s blood pressure and relieves other 
symptoms.  
  With a single well-documented exception, these tumors • 
are usually not complicated by recurrence or metastasis 
postoperatively.      

   Leiomyoma 
   General Information 

    Leiomyomas are rare benign spindle cell tumors that • 
are found in approximately 5 % of autopsy specimens.  
  They may originate from smooth muscles in the renal • 
capsule, pelvis, calyx, or blood vessels.  
  These tumors are usually small, although the few clini-• 
cally apparent tumors may be larger.     

   Imaging 
   Ultrasound 

  Renal leiomyomas present as solid lesion on ultrasound.  • 
  Cystic changes are uncommon.   • 

  Computed Tomography 
  Well-circumscribed, solid, peripheral lesions, the majority • 
of which are capsular or subcapsular in location (Fig.  1.16 ).   

  There may be a cleavage plane between the leiomyoma • 
and the renal cortex, or the lesion may be totally exophytic 
or attached to the cortex by only a small stalk.  
  Cannot be differentiated from a renal leiomyosarcoma or • 
RCC based on imaging  fi ndings alone. The diagnosis of 
leiomyoma is excluded in lesions that exhibit invasion or 
metastasis.   

  Magnetic Resonance Imaging 
  Heterogeneous signal intensity on T1- and T2-weighted • 
images  
  Internal areas of hypointensity on T1-weighted images     • 

   Pathology 
    The largest reported renal leiomyoma was 57.5 cm in • 
diameter and weighed 37 kg. The average size of renal 
leiomyomas is about 12 cm.  
  Similar to leiomyomas in other sites, they are typically • 
 fi rm, bulging, and well circumscribed, with a white 
whorled  fi brous or trabeculated cut surface 
(Fig.  1.17 ).   
  Microscopically, they are composed of spindled cells, • 
usually arranged in small intersecting fascicles. Nuclear 
pleomorphism is minimal, and necrosis and mitotic 
 fi gures are absent. Adipocytes and abnormal blood ves-
sels are absent.  

  Fig. 1.12    Angiomyolipoma 
( AML ). The microscopic 
appearance of AML varies 
according to the proportions 
of blood vessels, muscle, and fat 
comprising the tumor. Smooth 
muscle may be arranged in 
strands or fascicles or radially 
arranged at the periphery of large 
blood vessels, producing a 
“hair-on-end” appearance. Blood 
vessels are usually thick walled, 
and their lumens may be 
eccentric or very small. Fat cells 
exhibit their usual morphology       
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  Fig. 1.13    Juxtaglomerular neoplasm (Reninoma). ( a ) Gray-scale 
ultrasound demonstrates a hypoechoic exophytic solid mass ( arrow ) 
arising from inferior portion of the left kidney. ( b ) Unenhanced coronal 
T1-weighted MRI reveals well-demarcated hypointense mass ( arrow ). 

( c ) Lesion ( arrow ) enhances on contrast-enhanced coronal T1-weighted 
image. ( d ) Lesion exhibits washout and appears hypointense ( arrow ) on 
delayed phase contrast-enhanced T1-weighted image       
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  Fig. 1.15    Juxtaglomerular cell 
tumor. Juxtaglomerular cell 
tumors are composed of 
polygonal, round, or elongated 
spindle-shaped cells with slightly 
eosinophilic cytoplasm and 
centrally located nuclei, set in a 
scant edematous stroma. Most 
tumors have scattered thick-
walled blood vessels ( lower left ) 
and a scant in fi ltrate of 
in fl ammatory cells. Mitotic 
 fi gures are usually absent       

  Fig. 1.14    Juxtaglomerular cell tumor. Juxtaglomerular cell tumors are 
usually well circumscribed, with a  fi brous capsule of variable thickness. 
They are typically 2–4 cm in diameter, but can be much larger. Their cut 
surfaces are  yellow to gray/tan  and often hemorrhagic       

  Fig. 1.16    Renal leiomyoma. Unenhanced CT demonstrates a round 
hypodense mass ( arrow ) in the anterior portion of the atrophied right 
kidney       
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  Capsular leiomyomas often contain populations of • 
cells strongly immunopositive for HMB-45, suggesting 
an unde fi ned relationship with angiomyolipoma 
(Fig.  1.18 ).       

   Lymphangioma 
   General Information 

    Lymphangiomas are rare benign lesions of vascular origin • 
that show lymphatic differentiation.  
  They are typically located in the renal hilum or in the • 
perinephric space.  
  Diffuse renal lymphangiomatosis may occur.     • 

   Imaging 
   Ultrasound 

  Cystic masses with anechoic appearance and septa • 
formations.  
  Renal lymphangiomas may manifest with solid appear-• 
ance due to the reverberations that occur between micro-
scopic lymph spaces and surrounding connective tissue.   

  Computed Tomography 
  Most renal lymphangiomas are focal lesions and may • 
appear as unilocular or multilocular hypodense cysts on 
CT (Fig.  1.19 ).   

  Fig. 1.18    Renal leiomyoma. 
Lesion is composed of spindle 
cells arranged in intersecting 
fascicles. Normal renal 
parenchyma is at  lower right        

  Fig. 1.17    Renal leiomyoma. This image is an intraoperative photo of 
a renal capsular leiomyoma removed laparoscopically (From 
MacLennan    GT, Cheng L. Neoplasms of the kidney. In: Bostwick DG, 
Cheng L, editors. Urologic Surgical Pathology. 2nd ed. Edinburgh: 
Mosby/Elsevier; 2008, with permission)       
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  The CT appearance of renal lymphangiomas can vary • 
according to their  fl uid content, which may be mucoid or 
hemorrhagic in nature.   

  Magnetic Resonance Imaging 
  They usually appear hypointense on T1-weighted and • 
hyperintense on T2-weighted images (Fig.  1.20 ). 
Hemorrhage or increased protein content can increase 
signal intensity of lesion on T1-weighted images.      

   Pathology 
    Renal lymphangioma is typically a well-encapsulated • 
multicystic mass that may be unilateral or bilateral, local-
ized or diffuse. The cut surface is composed of innumer-
able  fl uid- fi lled cysts ranging from 0.1 to 2.0 cm in 
diameter, often mimicking a polycystic kidney disease or 
a multilocular renal cyst (Fig.  1.21a ).   
  Microscopically, lymphangioma consists of numerous thin-• 
walled cysts separated by delicate  fi brous septa. The cysts 
are lined by  fl attened endothelial cells and are separated by 
septal structures that may contain normal renal structures 
such as glomeruli, tubules, and blood vessels (Fig.  1.21b ).      

   Hemangioma 
   General Information 

    Uncommon benign renal tumor.  • 
  Most frequent location is the tip of the papilla.  • 
  Renal hemangiomas are bilateral in 12 % of cases.  • 
  Renal hemangiomas may present with episodes of hema-• 
turia and renal colic.     

   Imaging 
   Ultrasound 

  They have variable echotexture on sonography.  • 
  Sonographic appearance of renal hemangiomas is usually • 
similar to liver hemangiomas.   

  Computed Tomography 
  CT angiography reveals enhancement of thick vascular • 
channels and dilated renal vein (Fig.  1.22a–c ).    

  Magnetic Resonance Imaging 
  Like hemangiomas in other regions of the body, they are • 
hyperintense on T2-weighted images.  
  Flow voids may be seen as punctate signal loss on • 
T2-weighted images.  
  Persistent contrast enhancement on delayed images is • 
fairly characteristic of renal hemangiomas.     

   Pathology 
    Although most renal hemangiomas are only 1–2 cm in great-• 
est dimension, they may be as large as 18 cm (Fig.  1.23a ).   
  The commonest locations are the renal pelvis or renal • 
pyramids, but hemangiomas also arise in the renal cortex, 
the renal capsule, or within peripelvic blood vessels or 
soft tissues. Those that involve the renal pelvis or a papilla 
may be very hard to identify grossly, appearing as a small 
mulberry-like lesion or a small red streak. Larger lesions 
often appear red or gray tan and spongy.  

  Fig. 1.20    Lymphangioma in a 45-year-old man. Coronal T2-weighted 
MR image shows bilateral multilocular cystic masses ( arrows ) in the 
perinephric and renal sinus regions, consistent with lymphangiomas. 
(With permission from Katabathina VS, Vikram R, Nagar AM, Tamboli 
P, Menias CO, Prasad SR. Mesenchymal neoplasms of the kidney in 
adults: imaging spectrum with radiologic-pathologic correlation. 
Radiographics. 2010;30(6):1525–40)       

  Fig. 1.19    Renal lymphangioma. Contrast-enhanced CT image shows 
bilateral multiple cystic masses in the perinephric ( white arrow ) and 
renal sinus ( black arrow ) regions, consistent with lymphangiomas. 
(With permission from Katabathina VS, Vikram R, Nagar AM, Tamboli 
P, Menias CO, Prasad SR. Mesenchymal neoplasms of the kidney in 
adults: imaging spectrum with radiologic-pathologic correlation. 
Radiographics. 2010;30(6):1525–40)       
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  Microscopically, hemangiomas consist of irregular blood-• 
 fi lled vascular spaces lined by a single layer of endothelial 
cells that lack mitotic activity and nuclear pleomorphism. 
They are typically either of cavernous or capillary type 
(Fig.  1.23b ).      

   Renomedullary Interstitial Cell Tumor 
(Medullary Fibroma) 

    Renal  fi broma is found in the renal medulla. It arises from • 
the interstitial cells of the renal medulla.  
  These tumors are benign and rarely clinically signi fi cant. • 
Most are discovered incidentally, although rarely, they are 

a

b

c

  Fig. 1.22    Renal hemangioma in a 25-year-old woman. ( a ) Nonenhanced 
CT image shows a lobulated isoattenuating soft tissue mass ( arrow ) in 
the region of the renal sinus. ( b ) Axial contrast-enhanced CT image 
obtained during the arterial phase shows intense enhancement ( arrow ) 
of the lesion. ( c ) Axial contrast-enhanced CT image obtained during the 
portal venous phase shows persistent enhancement ( arrowheads ) of the 
lesion. At histopathologic examination, this lesion was determined to 
be a capillary hemangioma (With permission from Katabathina VS, 
Vikram R, Nagar AM, Tamboli P, Menias CO, Prasad SR. Mesenchymal 
neoplasms of the kidney in adults: imaging spectrum with radiologic-
pathologic correlation. Radiographics. 2010;30(6):1525–40)       

a

b

  Fig. 1.21    Lymphangioma. ( a ) Lesion is a well-encapsulated multicys-
tic mass. Its cut surface is composed of innumerable  fl uid- fi lled cysts. 
( b ) Lymphangioma. Cystic spaces are separated by delicate  fi brous 
septa lined by  fl attened endothelial-type cells       
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large enough to obstruct renal pelvic out fl ow and cause 
pain.  
  They usually appear as solitary and well-de fi ned • 
nodules.  
  On CT,  fi bromas appear as lobulated hypodense masses.  • 
  Renal  fi bromas have an intermediate signal intensity on • 
T1-weighted images and isointense or hyperintense rela-
tive to normal renal parenchyma on T2-weighted images.    

   Pathology 
    Tumors are gray white. Usual tumor size is less than • 
0.3 cm; however, tumors >6 cm in diameter have been 
reported (Fig.  1.24a ).   
  The tumor is composed of small stellate or spindled cells • 
set in a background of loose faintly basophilic stroma 
containing interlacing bundles of delicate  fi bers and typi-
cally in fi ltrating the interstitium between collecting ducts 
(Fig.  1.24b ).      

   Schwannoma 
    Renal schwannoma is rare. A schwannoma may arise • 
from renal parenchyma, renal hilar soft tissues, or renal 
capsule.  
  Ultrasound reveals a well-de fi ned, hypoechoic mass.  • 
  On CT, schwannoma presents as a solitary well-circumscribed, • 
rounded, or lobulated hypodense enhancing lesions.    

   Pathology 
    Schwannomas range from 4 to 16 cm in size. They are typi-• 
cally well circumscribed, tan to yellow, sometimes multi-
nodular, and have a dense  fi brous capsule (Fig.  1.25a ).   
  Schwannomas are classically composed of compact spin-• 
dle cells with twisted nuclei. Approximately parallel rows 
of well-aligned palisaded tumor cells are separated by 
 fi brillary cell processes, a formation designated as a 
Verocay body. At low power, the cells are often arranged 
as areas of dense cellularity (Antoni A area) alternating 

a

b

  Fig. 1.23    Hemangioma. ( a ) On 
CT scan, this was a solid mass 
lesion in the renal hilum. At 
surgery, it was peeled off the 
renal vein. The lesion is red and 
has a slightly spongy cut surface 
(From MacLennan GT, Cheng L. 
Neoplasms of the kidney. In: 
Bostwick DG, Cheng L, editors. 
Urologic Surgical Pathology. 2nd 
ed. Edinburgh: Mosby/Elsevier; 
2008, with permission) ( b ) 
Hemangioma. Irregular 
blood- fi lled vascular spaces lined 
by a single layer of endothelial 
cells that lack mitotic activity 
and nuclear pleomorphism. The 
lesion shown here is a cavernous 
hemangioma; capillary 
hemangiomas have also been 
reported       
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with paucicellular (Antoni B) areas (Fig.  1.25b ). The pro-
portions of these elements vary, and the areas may subtly 
blend into one another. Prominent blood vessels may be 
present. Mitotic  fi gures are absent or rare, and necrosis is 
absent. Tumor cells show diffuse strongly positive immu-
nostaining for S-100 protein.      

   Congenital Mesoblastic Nephroma 
   General Information 

    Most common solid renal tumor in the newborn period.  • 
  Presentation is usually a palpable abdominal mass in • 
young infants.     

   Imaging 
   Ultrasound 

  Homogeneous well-de fi ned solid renal mass.  • 
  It may appear heterogeneous in the setting of hemorrhage • 
or necrosis.   

  Computed Tomography 
  CT may be helpful to demonstrate the calci fi cation and fat • 
within the mass.   

  Magnetic Resonance Imaging 
  Mesoblastic nephroma manifests on MRI with low signal • 
intensity on T1-weighted and high signal intensity on 
T2-weighted images.     

a

bb

  Fig. 1.24    Renomedullary 
interstitial cell tumor. ( a ) A small 
gray-white tumor involves the tip 
of a papilla (From MacLennan 
GT, Resnick MI, Bostwick DG. 
Pathology for Urologists. 
Philadelphia: Saunders; 2003, 
with permission). ( b ) 
Renomedullary interstitial cell 
tumor. Collecting ducts are 
surrounded by spindled and 
stellate cells in a loose basophilic 
stroma       
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   Pathology 
    Mesoblastic nephroma is the most common renal neo-• 
plasm in patients less than 3 months old. It accounts 
for 2–4 % of pediatric renal neoplasms (Figs.  1.26  and 
 1.27 ).    
  Almost all reported cases have occurred in individuals • 
less than 30 months old; 90 % of cases occur during the 
 fi rst 12 months of life.  
  The commonest mode of discovery is by incidental palpa-• 
tion of an abdominal mass in an infant.  
  It presents in two forms, classic and cellular. Recurrence • 
is rare and is attributed to incomplete resection. Rarely, 
death related to metastasis is reported.       

   Mixed Epithelial and Mesenchymal Tumors 

   Cystic Nephroma 
   General Information 

    Cystic nephroma is a benign renal neoplasm composed • 
entirely of epithelial-lined cysts separated by septa of 
variable thickness.  
  Historically, it has been a matter of controversy concern-• 
ing the de fi nition of what constitutes the term “cystic 
nephroma” and the relationship between cystic nephroma 
and cystic partially differentiated nephroblastoma.  
  Currently, the diagnosis of cystic nephroma is restricted to • 
adults; renal neoplasms in children composed entirely of 

a

b

  Fig. 1.25    Renal schwannoma. 
( a ) A well-circumscribed solid 
tumor in a young female (From 
MacLennan GT, Cheng L. 
Neoplasms of the kidney. In: 
Bostwick DG, Cheng L, editors. 
Urologic Surgical Pathology. 2nd 
ed. Edinburgh: Mosby/Elsevier; 
2008, with permission) ( b ) Renal 
schwannoma. Antoni A areas 
consist of compact spindle cells 
with twisted nuclei, with 
characteristic palisading       
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epithelial-lined cysts separated by septa of variable thick-
ness and lacking expansile nodules to alter the rounded con-

tour of the cysts are diagnosed as cystic partially differentiated 
nephroblastoma, regardless of the presence or absence of 
blastema or other immature elements in the septa.  
  Cystic nephroma in adults is seen mainly in females (8:1 • 
female:male ratio), is rare before age 30, and does not 
exhibit renal nephrogenic rests or skeletal muscle  fi bers in 
the septa. Conversely, cystic partially differentiated neph-
roblastoma is slightly more common in males, is rare after 
the age of 2 years, sometimes exhibits renal nephrogenic 
rests, and often exhibits skeletal muscle  fi bers in the septa.  
  In summary, it is currently accepted that the traditional • 
term “cystic nephroma” embraces two entirely different 
lesions, one of which (cystic nephroma) predominantly 
occurs in adult females and has no relationship to Wilms’ 
tumor, and the other (cystic partially differentiated neph-
roblastoma), a lesion of young children of both genders, 
probably represents a mature form of Wilms’ tumor.  
  Cystic nephroma may be detected as a painless abdominal • 
mass or may cause  fl ank or abdominal pain or hematuria. 
Most are discovered incidentally. Patients range in age 
from 22 to 79 years old with a mean age of about 
55–60 years, and the great majority are female.  
  Cystic nephroma is considered to be a benign neoplasm, • 
cured by adequate surgical excision, and recurrence is 
usually attributed to incomplete resection. Nonetheless, 
there are a few well-documented instances of sarcoma 
arising in a background of cystic nephroma in adults, 
sometimes with a fatal outcome.     

  Fig. 1.26    Congenital mesoblastic nephroma ( CMN ). Mesoblastic 
nephroma presents in either classic form (24 %), cellular form (66 %), 
or as a mixture of these forms (about 10 %). Classic CMN, shown in this 
image, has a  fi rm, whorled appearance and an indistinct interface with 
surrounding normal kidney. Cellular CMN has a more sharply circum-
scribed outline; it usually appears softer with cystic and hemorrhagic 
areas (From MacLennan GT, Resnick MI, Bostwick DG. Pathology for 
Urologists. Philadelphia: Saunders; 2003, with permission)       

  Fig. 1.27    Congenital 
mesoblastic nephroma ( CMN ). In 
classic CMN, shown here, nuclei 
are elongated, bland, and 
uniform, and mitotic  fi gures are 
infrequent. Tumor cells in fi ltrate 
around tubules and glomeruli at 
the interface between tumor and 
normal parenchyma. Cellular 
CMN is more densely cellular, 
less in fi ltrative at the interface 
between tumor and normal 
kidney, and much more 
mitotically active. Prognosis is 
dependent upon patient age and 
completeness of surgical 
excision, rather than on tumor 
morphology       
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   Imaging 
   Ultrasound 

  Multicystic mass with thin echogenic septa, without any • 
solid or nodular elements (Fig.  1.28a ).   
  A claw or beak shape of adjacent normal renal paren-• 
chyma can help con fi rm the renal origin of the mass.  
  May be associated with urinary tract obstruction if hernia-• 
tion into the renal pelvis is present.   

  Computed Tomography 
  Well-encapsulated multilocular mass separated by thin • 
septa which may show enhancement (Figs.  1.28b  and 
 1.29 ).   
  The tumor often herniates into the renal pelvis causing a • 
 fi lling defect and sometimes also causes obstruction.   

  Magnetic Resonance Imaging 
  Similar  fi ndings as on CT with variable appearance of the • 
cysts on T1- and T2-weighted sequences depending on 
the cyst contents     

   Pathology 
    Cystic nephroma is typically well circumscribed, usually • 
unilateral but rarely bilateral, and ranges in size from 1.4 
to 13 cm, with an average diameter of approximately 
6 cm. Most tumors involve the renal cortex, but rarely 
may be predominantly intrapelvic.  
  Cystic nephroma is composed entirely of epithelial-lined • 
cysts separated by septa of variable thickness (Figs.  1.30  

a

b

  Fig. 1.28    Multilocular cystic renal tumor. ( a ) Gray-scale ultra-
sound demonstrates multiloculated cystic mass with thick septa 
formations and well-de fi ned contour. ( b ) Axial contrast-enhanced 
CT reveals a well-de fi ned, hypodense cystic mass with septa 
formations       

  Fig. 1.30    Cystic nephroma. Cystic nephromas are sharply demarcated, 
usually unilateral but rarely bilateral, and range in size from 1.4 to 13 cm, 
with an average diameter of approximately 6 cm. Most tumors are limited 
to the renal cortex, but occasionally they protrude into the renal pelvis, as 
shown in this image (Image courtesy of Carmen Frias-Kletecka, M.D.)       

  Fig. 1.29    Multilocular cystic renal tumor. Contrast-enhanced CT demon-
strates a multiloculated cystic mass with enhancing thick septa ( arrow )       
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and  1.31 ). The lining epithelium is  fl attened, cuboidal, or 
hobnail in appearance and lacks mitotic activity. The 
septal stroma of the septa is composed of spindle cells in 
a collagenous background. In some areas, stromal cell 
nuclei are very closely packed, imparting an appearance 
reminiscent of ovarian stroma.        

   Mixed Epithelial and Stromal Tumor of Kidney 
(MESTK) 

    This is a recently recognized distinct neoplasm. These • 
tumors are relatively rare with a female preponderance. 
Imaging studies are not diagnostic but reveal a solid or 
solid and cystic mass in most cases (Fig.  1.32 ).   
  The clinical course after resection of MESTK is typically • 
benign, but there have been reports of cases with clear-cut 
sarcomatoid morphology, aggressive clinical behavior, 
and ultimately fatal outcomes.    

   Pathology 
    This is a renal neoplasm that is macroscopically solid and • 
cystic and microscopically biphasic, composed of glands, 
often cystically dilated, and solid areas of spindle cells 
with variable growth patterns and cellularity (Figs.  1.33  
and  1.34 ).    
  The great majority occur in females, with a 10:1 predomi-• 
nance and with a mean age of 46 years.  
  Although the majority present with hematuria,  fl ank pain, • 
or symptoms related to urinary infection, some are dis-
covered incidentally.  
  It bears many clinical and pathological similarities to • 
cystic nephroma, and it has been suggested by some 
investigators that these entities represent a spectrum of 
the same entity, with a variable stroma-cyst ratio. This 
issue is currently unresolved.        

   Malignant Renal Neoplasms 

 Classi fi cation of malignant renal neoplasms is summarized 
in Table  1.3 .  

   Renal Cell Carcinoma (RCC) 

   General Information 
    RCC is the most common primary renal cancer, account-• 
ing for about 86 % of all primary malignant renal paren-
chymal neoplasms.  
  Usually seen in the adult population, after 40 years.  • 
  Predisposing factors of RCC include smoking, obesity, • 
hypertension and antihypertensive drugs, occupational 

  Fig. 1.32    MEST. CT image acquired during the corticomedullary phase 
of enhancement shows low-level enhancement of the wall ( arrows ) and 
septations ( arrowhead ) of this complex cystic mass (With permission from 
Prasad SR, Dalrymple NC, Surabhi VR. Cross-sectional imaging evalua-
tion of renal masses. Radiol Clin North Am. 2008;46(1):95–111, vi–vii)       

  Fig. 1.33    Mixed epithelial and stromal tumor of kidney. The lesion is 
cystic, but has a prominent solid component (From MacLennan GT, 
Cheng L. Neoplasms of the kidney. In: Bostwick DG, Cheng L, editors. 
Urologic Surgical Pathology. 2nd ed. Edinburgh: Mosby/Elsevier; 
2008, with permission)       

  Fig. 1.31    Cystic nephroma. Cysts are enclosed by septa of variable thick-
ness, but by de fi nition less than 5 mm; expansile nodules are absent. The 
septal stroma is composed of spindle cells in a collagenous background. 
Cysts are lined by  fl attened, cuboidal, or hobnail-type epithelial cells; 
some lining cells may possess clear cytoplasm. Mitotic  fi gures are absent       
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exposure (asbestos, cadmium, benzene, trichloroethylene), 
drugs (phenacetin, diuretics), chronic renal disease, sex 
(males > females), and race (African American > Whites).  
  Four percent of RCCs are familial.     • 

   Imaging 
   Ultrasound 

  Sonographic appearances of RCC vary according to the • 
stage and histological type of the tumor.  

  Ultrasound has very low sensitivity in diagnosing tumors • 
less than 3 cm in size.  
  Most common appearance is of a round, isoechoic paren-• 
chymal mass which usually results in a contour abnormal-
ity (Fig.  1.35a–c ).   
  Some tumors may appear heterogeneous with cystic areas • 
secondary to necrosis (Fig.  1.36a ).   
  A narrow rim of vessel is usually present around the tumor.  • 
  Color Doppler ultrasound con fi rms the presence of a solid • 
renal tumor by demonstrating internal vascularity 
(Fig.  1.36b ). Spectral Doppler  fl ow may demonstrate 
tumoral shunt  fl ow with increased diastolic  fl ow with resis-
tive index <0.4.   

  Computed Tomography 
  RCCs may appear iso-, hypo-, or hyperdense on noncon-• 
trast CT with irregular or lobulated margins.  
  Nephrographic phase is the most important phase for the • 
detection of RCCs. RCCs typically enhance less than the 
normal renal parenchyma. Enhancement may be hetero-
geneous because of hemorrhage or necrosis, particularly 
in larger lesions (Fig.  1.36c ).   

  Magnetic Resonance Imaging 
  Usually supplementary to CT, better de fi ning the venous • 
extension of renal vein invasion by RCC.  
  Hypointense to isointense to renal parenchyma on • 
T1-weighted images, heterogeneously hyperintense on 
T2-weighted images, and demonstrates less enhancement 
than renal parenchyma after gadolinium administration 
(Fig.  1.36d–f ).     

  Fig. 1.34    Mixed epithelial and 
stromal tumor of kidney 
( MESTK ). MESTK is a biphasic 
tumor, with spindle cell and 
epithelial components, both of 
which show a wide spectrum of 
histological  fi ndings. The spindle 
cell component typically varies 
considerably in cellularity. Fat 
cells may be present ( lower left ). 
The epithelial component 
consists of variably sized glands 
of variable shape and size or 
tubular structures with complex 
branching or papillae. Neither the 
spindle cell nor the epithelial 
components show signi fi cant 
cytologic atypia or mitotic 
activity       

   Table 1.3    Types of malignant renal neoplasms   

 Renal cell 
carcinomas 

 Nephroblastic 
neoplasms 

 Malignant mesenchymal 
renal neoplasms 

 Clear cell renal cell 
carcinoma 

 Nephroblastoma 
(Wilms’ tumor) 

 Clear cell sarcoma of 
kidney 

 Multilocular cystic 
renal cell 
carcinoma 

 Cystic partially 
differentiated 
nephroblastoma 

 Leiomyosarcoma 

 Papillary renal cell 
carcinoma 

 Rhabdoid tumor 

 Chromophobe renal 
cell carcinoma 

 Lymphoma 

 Collecting duct 
carcinoma 

 Metastasis 

 Renal medullary 
carcinoma 
 Translocation 
carcinoma 
 Mucinous tubular 
and spindle cell 
carcinoma 
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  Fig. 1.35    Renal cell carcinoma. Transverse ( a ) and longitudinal ( b ) images of gray-scale ultrasound demonstrate an isoechoic left renal mass 
( arrows ). ( c ) Color  fl ow Doppler ultrasound reveals vascularity in the mass ( arrow )       
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a

b

  Fig. 1.36    Renal cell 
carcinoma. ( a ) Gray-scale 
ultrasound demonstrates a 
hypoechoic cystic mass 
( arrow ) in the right kidney 
with multiple septa. 
( b ) Spectral Doppler reveals 
arterial vascular  fl ow in the 
mass. ( c ) Axial contrast-
enhanced CT of same patient 
demonstrates a well-de fi ned 
mass ( arrow ) in the 
posterolateral aspect of right 
kidney. Mass lesion enhances 
mildly and appears hypodense 
relative to the renal 
parenchyma. Lesion appears 
hypointense on T1-weighted 
( d ) and hyperintense on 
T2-weighted ( e ) images. 
( f ) Contrast-enhanced 
T1-weighted image reveals 
mild enhancement in the mass         
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   Staging of RCC 
    Survival with renal cell carcinoma depends on the local • 
extent of the primary tumor, presence or absence of dis-
tant metastases, and tumor histology.  
  The stage at the time of the initiation of treatment corre-• 
lates directly with prognosis.  
  The best overall imaging approach should determine stage • 
and extent of disease accurately, especially identifying 
distant metastases and adjacent organ invasion, either of 
which indicates incurable disease.  
  TNM and Robson staging of RCC is summarized in • 
Table  1.4 .     

   Role of CT and MRI in Staging RCC 
    MDCT and MRI are equally accurate in staging RCCs.  • 
  CT and MRI are very poor in detecting perinephric exten-• 
sion of RCC; however, presence of a perinephric soft 

   Table 1.4    Staging of RCC   

 Robson stage  Description  TNM stage 

 I  Tumor contained within the capsule 
 Tumor < 7 cm  T1 
 Tumor > 7 cm  T2 

 II  Tumor spread to perinephric fat 
(remains limited to Gerota’s fascia) 

 T3a 

 IIIA  Venous tumor thrombus 
 Renal vein only  T3a 
 Infradiaphragmatic IVC  T3b 
 Supradiaphragmatic IVC  T3c 

 IIIB  Regional lymph nodes 
 Single node  N1 
 More than 1 regional lymph node  N2 

 IIIC  Venous tumor and regional lymph node 
involvement 

 IVA  Spread outside Gerota’s fascia  T4 
 IVB  Distant metastases  M1 

c d

e f

Fig. 1.36 (continued)



251 Renal Neoplasms

tissue mass of at least 1 cm in diameter (Fig.  1.37a, b ) 
may suggest perinephric extension.   
  Venous invasion is diagnosed if there is identi fi able • 
thrombus within the renal vein or IVC (Fig.  1.38a–e ). 
Tumor thrombus is distinguished from a bland thrombus 
by the presence of thrombus enhancement in case of a 

tumor thrombus along with continuity with the primary 
tumor.   
  Fifty percent of tumor extensions into the IVC are • 
located in intrahepatic region, 40 % reach the intra-
hepatic caval vein, and 10 % extend to the right 
atrium.  

a b

  Fig. 1.37    Renal cell carcinoma with perirenal invasion. ( a ) Gray-scale 
ultrasound reveals a large exophytic left kidney mass ( arrow ) with 
heterogeneous appearance with extension into the perirenal space 

( arrowhead ). ( b ) Axial contrast-enhanced CT demonstrates a left kid-
ney mass with perirenal invasion ( arrowheads )       

  Fig. 1.38    Renal cell carcinoma with renal vein invasion. ( a ) Color 
 fl ow Doppler ultrasound demonstrates a hypoechoic right kidney mass 
that extends into the renal vein ( arrow ). Vascular  fl ow in the renal vein 
is not seen. ( b ) Color  fl ow Doppler ultrasound reveals enlarged renal 
vein with thrombus within ( arrow ). ( c ) Enlarged right renal vein ( arrow ) 

with irregular contours secondary to tumor thrombus on unenhanced 
CT. ( d ,  e ) Axial contrast-enhanced T1-weighted image MR image 
reveals an ill-de fi ned hypointense renal mass ( arrow ) with extension of 
the tumor with the right renal vein ( arrowhead )       

a b
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  MRI is considered superior in identifying venous invasion • 
particularly when the CT  fi ndings are indeterminate.  
  The sensitivity of MRI has been reported at 90 % for • 
detection of inferior vena caval thrombus, compared with 
79 % for CT.  
  Absence of signal void in the renal vein on T1- and • 
T2-weighted images suggests presence of thrombus. 
Gradient echo images may also identify the thrombus by 
demonstrating an intravenous  fi lling defect. Sagittal and/
or coronal images can help determine the superior extent 
of the thrombus (Fig.  1.39a, b ).   
  The diagnosis of venous invasion is strengthened by the • 
presence of clot within collateral vessels.  
  Bland thrombus often extends caudal to the level of entry • 
of the renal vein.  

  False-positive  fi ndings are seen in patients with • 
enlarged renal veins that do not contain tumor, espe-
cially from increased  fl ow with hypervascular 
tumors.  
  Tumor thrombus can conform to the vein lumen without • 
causing gross enlargement, resulting in underestimation 
of tumor stage.  
  Abrupt change in caliber of the vein, which occurs in the • 
renal vein and IVC in 3 and 10 % of cases on CT scan, 
respectively, suggests renal vein thrombus.  
  A persistent  fi lling defect within the renal vein or IVC is • 
associated with a 0 % false-positive rate.  
  Filling defects in the renal vein and IVC occur in 22 and • 
15 % of all renal cell carcinoma cases on CT scan, 
respectively.  

Fig. 1.38 (continued)
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  Particularly on the right side, it may be impossible to dis-• 
tinguish between intraluminal tumor thrombus and extrin-
sic caval compression caused by a large primary tumor or 
enlarged lymph nodes.  
  If tumor extends only into the subdiaphragmatic cava, then • 
standard surgical approaches may be suf fi cient; if it extends 
beyond this, then intraoperative cardiopulmonary bypass 
with a thoracoabdominal approach often is required.  
  Extension of tumor thrombus in renal vein and IVC is • 
classi fi ed into 4 levels (Table  1.5 ).   
  Regional lymph nodes are considered to be involved by • 
tumor if they are at least 1 cm in diameter in the short 
axis. If they are larger than 2 cm in size, they are most 
likely due to metastases (Fig.  1.40 ).   
  Lymph nodes greater than 2 cm in size are present in up to • 
32 % of tumors overall.  
  Normal lymph node distribution may be asymmetric, par-• 
ticularly due to fusion of the middle and left periaortic 
lymphatic chains, which makes interpretation even more 
confusing.  

  CT scan has a sensitivity of approximately 83 % and a • 
speci fi city of approximately 88 % in identifying lymph-
adenopathy associated with renal cell carcinoma.  
  CT or MRI can equally demonstrate distant metastasis.     • 

   Role of Ultrasound in Staging RCC 
    The most effective contribution by ultrasound to staging • 
renal cell carcinoma is evaluating proximal caval and 
right atrial tumor extension (Fig.  1.38a, b ).  

a b

  Fig. 1.39    Renal cell carcinoma with renal vein invasion. ( a ) Coronal-
enhanced CT demonstrates a large necrotic left renal mass ( long arrow ) 
with invasion of renal vein ( short arrow ). Tumoral thrombus extends to 
the inferior vena cava ( arrowhead ). ( b ) Coronal-enhanced CT of 

another patient with RCC reveals enhancing right kidney mass ( M ). 
Tumoral thrombus extends through right renal vein and inferior vena 
cava into right atrium ( arrow )       

   Table 1.5    Classi fi cation of renal tumor extension in renal vein   

 Level I  <2 cm above the renal vein—standard 
 fl ank approach 

 Level II  >2 cm above the renal vein but below the 
hepatic—thoracoabdominal approach 

 Level III  Below the diaphragm—thoracoabdominal 
approach 

 Level IV  Supradiaphragmatic IVC—median 
sternotomy, cardiac bypass, and 
hypothermia 
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  Tumor thrombus appears as a solid, hyperechoic, or • 
hypoechoic mass that, if nonocclusive, often moves within 
the  fl owing blood around it.  
  The sensitivity of ultrasound for detecting tumor throm-• 
bus overall within the IVC or distal renal vein is approxi-
mately 54 %.  
  The sensitivity for detecting tumor thrombus in the intra-• 
hepatic IVC is near 100 %.      

   Postsurgical Follow-Up 
    Enlargement of the psoas on the side of surgery is usually • 
suggestive of recurrence.  
  Recurrent RCC may manifest on imaging studies as retro-• 
peritoneal ill-de fi ned mass with contrast enhancement 
(Fig.  1.41a, b ).       

   Familial Renal Cell Carcinomas 

    Four percent of all RCCs are familial (Table  • 1.6 ).   
  Hereditary or familial tumors are suggested by the follow-• 
ing features:

   Early age onset.   –
  Family history.   –
  Multiple tumors.   –
  Bilateral tumors.   –
  They are equally common in males and females.        –

   Von Hippel-Lindau Disease 
    Approximately 7,000 patients in the United States have • 
von Hippel-Lindau disease (VHLD).  

a

b

  Fig. 1.41    Recurrent renal cell carcinoma. Axial ( a ) and coronal 
( b ) CT images of a patient with a history of right nephrectomy 
secondary to RCC demonstrate ill-de fi ned right retroperitoneal 
mass ( M ) invading the pararenal space ( arrowhead ) and liver 
( arrows )       

  Fig. 1.40    Renal cell carcinoma with lymph node metastasis. Axial 
contrast-enhanced CT demonstrates a mild enhancing right kidney 
mass ( arrow ) and conglomerate lymph node formation between aorta 
and inferior vena cava ( arrowhead ).       

   Table 1.6    Familial RCC syndromes   

 Von Hippel-Lindau disease 
 Hereditary papillary RCC 
 Tuberous sclerosis 
 Hereditary leiomyoma RCC 
 Birt-Hogg-Dubé syndrome 
 Familial renal oncocytoma 
 Lynch type 2 syndrome and medullary carcinoma 
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  Fig. 1.42    Von Hippel-Lindau disease. Axial contrast-enhanced CT images ( a–c ) demonstrate bilateral cystic renal masses with enhancing com-
ponents ( arrowheads ) representing renal tumors       

  Inherited as an autosomal dominant trait with high • 
penetrance.  
   • Renal  fi ndings : Multiple bilateral renal cysts and cystic 
and solid neoplasms are the most common manifestation 
of VHLD.  
  Predominantly cystic lesions with solid nodular compo-• 
nents are characteristic of VHLD. The solid component 
usually represents RCC (Fig.  1.42 ).   
  RCC is reported to develop in 24–45 % of patients • 
with VHLD and is often multifocal and bilateral 
(Fig.  1.43a ).   
   • Extra renal manifestations  of VHLD include retinal 
angiomas, central nervous system hemangioblastomas, 
pancreatic cysts, islet cell tumors, bilateral pheochromo-
cytomas, endolymphatic sac tumors, cystadenomas of the 
epididymis, and broad ligament and renal cysts and 
tumors (Fig.  1.43b, c ).  
  VHLD that is not associated with pheochromocytoma is • 
subclassi fi ed as VHLD1, and VHLD that is associated 
with pheochromocytoma as VHLD2.     

   Tuberous Sclerosis Complex (TSC) 
    May be inherited as an autosomal dominant trait or may • 
occur sporadically.  
  The incidence of the disorder is between 1 in 10,000 and • 
100,000 live births.  
  Clinically, this syndrome comprises of the classic triad • 
of epilepsy, mental retardation, and adenoma 
sebaceum.  
  Renal abnormalities are seen in approximately 50 % of • 
patients with TSC and include multiple renal cysts, angio-
myolipomas (AMLs), renal cancers, perirenal cystic col-
lections, or lymphangiomas.  

  Multiple and bilateral renal AMLs are the hallmark of • 
TSC; they occur in about 15 % of patients, mostly females 
(Fig.  1.8a–d ).  
  Intralesional hemorrhage is common, and the rate of hem-• 
orrhage within TSC-related AMLs is higher than that 
found in sporadic AMLs.  
  Although it has been speculated that patients with TSC • 
are at increased risk of developing RCC, meta-analysis of 
reported cases fails to demonstrate conclusively that the 
risk of developing RCC is any higher in patients with 
TSC than in the general population.  
  The combination of renal cysts and AMLs is strongly • 
suggestive of tuberous sclerosis.  
  Extrarenal manifestations include subependymal cerebral • 
nodule, giant cell astrocytoma, peripheral tubers, retinal 
hamartoma, cardiac rhabdomyoma, lymphangioleiomyo-
matosis, shagreen patch, subungual  fi broma, and bone 
cyst (Fig.  1.8e, f ).     

   Hereditary Papillary Renal Cancer Syndrome 
    This familial syndrome predisposes the individuals to • 
increased risk of papillary renal cancers type 1.  
  Detecting these tumors on imaging can be very challeng-• 
ing due to their hypovascular nature. These tumors appear 
very hypodense (CT) or hypoechoic (ultrasound), and if 
the subtle attenuation differences on postcontrast images 
are not identi fi ed, they can easily be mistaken for benign 
cysts (Figs.  1.44  and  1.45 ).       

   Hereditary Leiomyomatosis and Renal Cell 
Carcinoma (HLRCC Syndrome) 

    Autosomal dominant syndrome characterized by increased • 
risk of uterine and skin leiomyomas and associated renal 
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  Fig. 1.44    Hereditary papillary renal cancer syndrome. Axial contrast-
enhanced CT demonstrates a hypodense cyst-like mass ( arrowhead ). 
Lateral wall of the mass shows minimal enhancement ( arrow )       

  Fig. 1.45    Hereditary papillary renal cancer syndrome. Axial contrast-
enhanced CT demonstrates bilateral solid and cystic masses ( arrows ). 
Solid mass in the right kidney contains calci fi cations       

a c

b

  Fig. 1.43    Von Hippel-Lindau disease. Axial contrast-enhanced CT 
image ( a ) reveals bilateral renal masses ( arrowheads ) with contrast 
enhancement. ( b ) Multiple hypodense pancreatic cysts ( arrow ) appear 

hypodense on contrast-enhanced CT. ( c ) Contrast-enhanced T1-weighted 
MRI reveals hypointense cystic mass ( arrow ) in cerebellum with 
enhancing mural nodule ( arrowhead ) representing hemangioblastoma       
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cell carcinomas which exhibit a variety of architectural 
patterns: cystic, tubulopapillary, tubular, and solid.  
  HLRCC renal cancers are usually solitary and often • 
aggressive (in contrast to the renal neoplasms seen in other 
familial syndromes where the renal tumors are multiple).  
  On imaging, these renal tumors appear hypovascular • 
when small and become hypervascular as they enlarge.     

   Oncocytomatosis 
    A rare condition characterized by multiple and/or bilateral • 
oncocytomas, which may be innumerable (Fig.  1.46 ).   
  Imaging  fi ndings are similar to those of sporadic • 
oncocytomas.     

   Birt-Hogg-Dubé Syndrome 
    Birt-Hogg-Dubé (BHD), an autosomal dominant disor-• 
der, is primarily a dermatologic condition characterized 
by the presence of tumors involving the hair follicles, 
lung cysts, and renal tumors.  
  Renal neoplasms are seen in about 15–30 % of patients • 
with BHD syndrome. Renal neoplasms include chromo-
phobe RCC (34 %), oncocytoma (5 %), hybrid chromo-
phobe-oncocytomas (50 %), clear cell carcinoma RCC 
(9 %), and papillary RCC (2 %).  
  Extrarenal imaging  fi ndings include lung cysts, com-• 
monly involving the lower lobes, with associated sponta-
neous pneumothorax in about 25 % patients.  
  Presence of  fi brofolliculomas, which appear as dome-• 
shaped papules, predominantly on the upper half of 
the body, is a characteristic clinical  fi nding in the BHD 
syndrome and helps differentiate it from other heredi-
tary syndromes such as tuberous sclerosis, which is also 

 characterized by renal cancers and lung cysts, along with 
intracerebral lesions.     

   Lynch Type II Syndrome 
    Lynch type II syndrome is a type of hereditary nonpoly-• 
posis colon cancer which includes increased risk of colon 
cancers, along with carcinomas of the endometrium (sec-
ond most common tumor), urothelium (especially in the 
renal pelvis), stomach, small bowel, pancreas, biliary sys-
tem, and ovaries.      

   Histological Subtypes of RCC 

   Clear Cell Carcinoma 
   General Information 

    Accounts for 75 % of all RCCs. Also known as conven-• 
tional RCC. They usually exhibit expansile growth 
pattern.     

   Imaging 
   Ultrasound 

  Clear cell carcinomas may manifest with hypo-, iso-, or • 
hyperechoic appearance.  
  Large tumors may contain cystic components.   • 

  Computed Tomography 
  Clear cell RCCs tend to enhance more than other RCC • 
subtypes (Fig.  1.47a–c ) but less than the surrounding 
renal parenchyma.    

  Magnetic Resonance Imaging 
  Signal intensity on MRI varies according to presence of • 
hemorrhage or necrosis.  
  Clear cell RCCs usually appear isointense with renal • 
parenchyma on T1-weighted images. On T2-weighted 
images, they exhibit high signal intensity.  
  Marked enhancement after contrast administration is • 
frequently visualized on viable components of 
tumor.     

   Pathology 
    About 23,000 new cases of RCC are reported each year, • 
and males are affected twice as often as females. Putative 
risk factors include smoking, obesity, and acquired cystic 
kidney disease. Although the vast majority of patients are 
adults, patients in the  fi rst two decades of life with RCC 
have also been reported.  
  The diagnosis of RCC may result from investigation of • 
local symptoms (hematuria,  fl ank pain), systemic symp-
toms (paraneoplastic syndromes), or symptoms of meta-
static disease or may be incidental (radiological imaging 
for reasons other than renal disorders).  
  Clear cell renal cell carcinoma accounts for about 75 % of • 
surgically resected renal carcinomas (Figs.  1.48  and  1.49 ). 

  Fig. 1.46    Familial renal oncocytoma. Axial contrast-enhanced CT 
reveals bilateral solid renal masses ( arrows ) that enhance less than 
surrounding renal parenchyma       
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It is believed to arise from cells lining the proximal renal 
tubules.    
  The great majority of cases show evidence of inactivation • 
of a tumor suppressor gene on chromosome 3p. Most 
occur sporadically, but the incidence of clear cell RCC is 
markedly increased in certain genetically transmitted dis-
eases, including von Hippel-Lindau disease and tuberous 
sclerosis.  
  In 4–13 % of patients, multiple clear cell RCCs are pres-• 
ent in the affected kidney; bilaterality occurs in 0.5–3.0 % 
of patients.      

   Papillary Renal Cell Carcinoma 
   General Information 

    There are several histological subtypes of RCCs with dif-• 
ferent clinical behaviors and prognosis, including clear 
cell RCC, which is the commonest, followed by papillary 
RCC, the second commonest type (13–15 %).  
  Papillary RCCs are usually unilateral; however, they can • 
be multifocal and bilateral.  
  Papillary RCCs are usually sporadic, and a few may be • 
familial, associated with hereditary papillary renal cell 
cancer syndrome, hereditary leiomyomatosis and RCC 
syndrome, and occasionally Birt-Hogg-Dubé syndrome.  
  Type 1 papillary RCC is hereditary and associated with a • 
good long-term prognosis. Type 2 is found in hereditary 
leiomyoma RCC syndrome and is a more aggressive form 
of cancer than type 1.  
  Differentiation between types 1 and 2 papillary RCC is • 
not possible on imaging.  
  Papillary RCC may also manifest as cystic lesions, either • 
secondary to cystic degeneration or central necrosis.     

   Imaging 
   Ultrasound 

  Papillary RCCs have variable sonographic appearance.  • 
  Cystic papillary RCCs manifest with thick-walled cystic • 
structures.   

  Computed Tomography 
  Differentiation from clear cell RCC is based on the • 
enhancement characteristics; papillary RCC always 
enhances less than the clear cell variety on all post con-
trast images (Fig.  1.36c ). This is thought to be due to the 
differences in the intratumoral vascularity, measured as 
microvessel density (MVD).   

  Magnetic Resonance Imaging 
  MRI demonstrates better tissue contrast and can better • 
differentiate between solid and cystic lesions. It can 
identify pseudocapsule around the papillary RCC. The 
papillary RCC has low signal intensity on both T1- and 
T2-weighted sequences, compared to the clear cell 
RCC, which has high signal intensity on T2-weighted 
images.     

a

b

c

  Fig. 1.47    Clear cell renal cell carcinoma. ( a ) Axial contrast-enhanced 
CT demonstrates an enhancing solid mass ( arrow ) arising from left kid-
ney with large hypodense necrotic component (*). ( b ) Diagnostic 
angiography before embolization reveals hypervascularity in the renal 
mass. ( c ) Endovascular embolization prior to surgery was performed       
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  Fig. 1.49    Clear cell renal cell 
carcinoma. The tumor is 
composed of cells that assume a 
variety of architectural patterns 
(solid, alveolar, and acinar), all 
of which are traversed by 
thin-walled blood vessels. Cells 
have well-de fi ned borders and 
cytoplasm that appears clear or 
lightly eosinophilic due to loss of 
constituent glycogen and/or lipid 
during processing. Fuhrman 
nuclear grading is applied to 
clear cell carcinoma; grading 
depends on nuclear size and 
shape and nucleolar prominence       

  Fig. 1.48    Clear cell renal cell 
carcinoma. Clear cell carcinoma 
ranges in size from minute to 
tumors weighing several 
kilograms. It is usually unilateral, 
unicentric, and sharply 
demarcated from normal kidney 
by a  fi brous pseudocapsule and 
often exhibits a bosselated 
appearance as it projects into 
surrounding perirenal fat. In a 
small percentage of cases, 
multiple tumors are present. The 
cut surface is usually variegated; 
viable tumor is classically bright 
 golden yellow  due to various 
lipids within the tumor cells. 
Areas of hemorrhage and cystic 
change are commonly observed       
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   Pathology 
    Papillary RCC accounts for 10–15 % of surgically • 
resected renal carcinomas (Figs.  1.50 ,  1.51 , and  1.52 ). It 
occurs in patients from early adulthood onward (mean 
age 50–55 years) and arises twice as frequently in males 
as in females.     
  It is characterized cytogenetically by trisomy or tetrasomy • 
of chromosomes 7 and 17 and loss of the Y chromosome 
in males.  
  Multifocality is noted in up to 8 % of papillary renal cell • 
carcinoma and is pronounced when cancer develops in 
patients with hereditary papillary renal carcinoma 
(HPRC). The great majority of multifocal papillary renal 
cell carcinoma cases involve patients with no documented 
familial predisposition.      

   Chromophobe Renal Cell Carcinoma 
   General Information 

    Accounts for 5 % of all RCCs. They usually present in the • 
sixth decade.     

   Imaging 
   Ultrasound 

  These tumors appear uniformly hyperechoic on • 
ultrasound.   

  Fig. 1.51    Papillary renal cell 
carcinoma, type 1. This neoplasm is 
composed of varying proportions of 
papillary and tubular structures. 
Variable numbers of foamy 
macrophages are typically present in 
the stroma of the papillary structures 
( arrows ). Papillae are lined by a 
single layer of tumor cells. The 
architectural arrangement of the 
papillary stalks varies. Classically, 
they form exquisite and readily 
recognizable papillae, as shown here, 
but compact packing of papillary 
structures in some tumors results in a 
solid appearance less readily 
recognizable as papillary carcinoma. 
Papillary renal cell carcinoma is 
subclassi fi ed into two histological 
variants. In type 1, shown here, the 
tumor cells are small and of low 
nuclear grade, with small round to 
ovoid nuclei with inconspicuous 
nucleoli and with minimal pale or 
clear cytoplasm       

  Fig. 1.50    Papillary renal cell carcinoma. This tumor is typically a solitary 
and well-circumscribed tumor. Multifocality is noted in up to 8 % of pap-
illary renal cell carcinoma and is pronounced in patients with hereditary 
papillary renal carcinoma. Some are small and quite inconspicuous. The 
cut surfaces vary from  red  to  brown  (if there is old hemorrhage and hemo-
siderin accumulation) to  yellow , if the stroma contains abundant stromal 
macrophages. A thick  fi brous pseudocapsule is commonly present, some-
times enclosing nothing more than liquid bloody necrotic material       
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  Computed Tomography 
  CT reveals homogeneous enhancement pattern. A spoke-• 
wheel pattern of enhancement can also be observed.   

  Magnetic Resonance Imaging 
  Chromophobe RCCs may appear hypointense on • 
T2-weighted images.  
  Uniformly enhances after gadolinium administration.     • 

   Pathology 
    Chromophobe RCC is derived from the intercalated cells • 
of renal collecting tubules (similar to oncocytoma) 
(Figs.  1.53  and  1.54 ).    
  It accounts for about 5 % of surgically resected renal • 
carcinomas and affects men and women with about equal 
frequency. Patients range in age from 27 to 86 years, but the 
average patient age at the time of diagnosis is 55 years.  
  Chromophobe RCC is characterized cytogenetically by • 
loss of entire chromosomes.  
  The prognosis for chromophobe RCC is better than for • 
clear cell or papillary RCC.      

   Multilocular Cystic Renal Cell Carcinoma 
   General Information 

    Accounts for 1–4 % of all RCCs.  • 
  Prognosis is favorable.  • 
  It is separated from kidney by a  fi brous pseudocapsule.     • 

  Fig. 1.52    Papillary renal cell 
carcinoma, type 2. Type 2 tumors 
are typically larger than type 1 
tumors and of higher nuclear 
grade. The  fi brovascular cores of 
type 2 tumors tend to be dense 
and  fi brous rather than thin and 
delicate, and macrophages 
aggregate near areas of necrosis, 
rather than within the stalks of 
the  fi brovascular cores. Tumor 
cells in type 2 tumors have 
abundant eosinophilic cytoplasm, 
large round or oval nuclei and 
prominent nucleoli       

  Fig. 1.53    Chromophobe renal cell carcinoma. This neoplasm is typi-
cally solitary and well circumscribed and ranges in size from 1.5 to 
25 cm in diameter. The cut surface is most often solid, homogeneous, 
and  light brown , as shown here; less often, the tumor is  dark mahogany 
brown ,  gray tan ,  light pink , or  yellow white . Those that are brown 
resemble oncocytoma; the similarity is even more pronounced in chro-
mophobe carcinomas that exhibit central scarring       
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   Imaging 
    Enhancement of the septa and wall is observed in mul-• 
tilocular cystic tumor.  
  Calci fi cations may be present.  • 
  Cyst  fl uid may be serous or hemorrhagic resulting in • 
increased attenuation values on CT.     

   Pathology 
    Multilocular cystic renal cell carcinoma is typically a • 
solitary well-circumscribed mass with a  fi brous pseudo-
capsule. Its cytogenetic abnormalities are similar to those 
of conventional clear cell RCC.  
  It is composed entirely of cysts and septa without solid • 
expansile nodules of clear cells, grossly or microscopi-
cally (Figs.  1.55  and  1.56 ).    
  With adherence to strict diagnostic criteria, no examples • 
of this neoplasm are known to have metastasized.      

   Collecting Duct Carcinoma 
   General Information 

    Also known as Bellini duct carcinoma, these tumors orig-• 
inate from the collecting ducts of the kidney and account 
for only 1 % of renal carcinomas.  
  Typically present with hematuria.  • 
  Extremely aggressive behavior; approximately two-thirds • 
of patients with collecting duct carcinoma die of cancer 
within 2 years, and in some series, mortality rates are as 
high as 83 %.     

   Imaging 
   Ultrasound 

  May be hypoechoic, isoechoic, or hyperechoic on ultrasound.   • 

  Computed Tomography 
  In fi ltrative appearance with renal medullary involvement • 
(Fig.  1.57 ).   
  Reniform contour of the kidney is usually preserved • 
except when very large in size.  
  They enhance less than the renal parenchyma with poorly • 
de fi ned margins on contrast-enhanced CT.   

  Magnetic Resonance Imaging 
  Low signal intensity on T1- and T2-weighted images.     • 

   Pathology 
    Collecting duct carcinoma arises from the principal cells • 
of the collecting ducts of Bellini (Figs.  1.58  and  1.59 ).    
  It is the least common type of RCC, accounting for • 
only about 1 % of surgically resected carcinomas. Up 
to 25 % of cases are discovered incidentally, but the 
majority of patients are symptomatic when 
diagnosed.  
  Patients range in age from 13 to 84 years, with a mean age • 
of 55 years. Collecting duct carcinoma occurs more com-
monly in males, with reported male-to-female ratios as 
high as nearly 3:1.  
  It is usually localized to the medulla and has an in fi ltrative • 
growth pattern. Collecting ducts extend into the cortex, 
however; thus, this tumor may present anywhere in the 
kidney parenchyma.  

  Fig. 1.54    Chromophobe renal 
cell carcinoma. Tumor cells of 
chromophobe carcinoma are 
usually arranged in solid sheets. 
Tumors are composed of varying 
proportions of two types of cells: 
chromophobe cells and granular 
eosinophilic cells. Chromophobe 
cells ( blue arrow ) are large 
polygonal cells with abundant, 
nearly transparent and slightly 
 fl occulent cytoplasm, and 
prominent often “plant-like” cell 
membranes. Admixed with the 
large chromophobe cells are 
smaller cells ( black arrow ) with 
less abundant cytoplasm that is 
granular and eosinophilic. The 
nuclei of both cell types are 
hyperchromatic, irregular, and 
wrinkled (“raisinoid”) and often 
have perinuclear halos that are 
more easily recognized in the 
small eosinophilic cells       
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  Cytogenetic  fi ndings include losses of heterozygosity in • 
1q (speci fi cally 1q32), 6p, 8p, 13q, and 21q, as well as 
loss of Y.  
  Clinical stage is often advanced at the time of diagnosis, • 
and prognosis is poor.      

   Medullary Carcinoma 
   General Information 

    It occurs most often, but not exclusively, in patients with • 
sickle cell hemoglobinopathies.  
  Affected patients are usually young; age range is from 11 • 
to 39 years.  
  Most commonly presents with  fl ank pain and hematuria. • 
Patients usually have metastasis at the time of presen-
tation.     

  Fig. 1.55    Multilocular cystic renal cell carcinoma. This neoplasm 
ranges from 0.5 to 13.0 cm in diameter. It is usually unilateral, solitary, 
well circumscribed, and composed entirely of cysts that are variable in 
size, separated by thin septa, and contain clear or hemorrhagic  fl uid. By 
de fi nition, expansile solid tumor nodules are not grossly visible       

  Fig. 1.56    Multilocular cystic renal cell carcinoma. It is composed 
entirely of cysts and septa without expansile solid nodules. The septa 
consist of  fi brous tissue and contain aggregates of epithelial cells with 
clear cytoplasm, (indicated by  arrow ) cytologically indistinguishable 
from those of grade 1 renal cell carcinoma. The cysts are lined by one 
or more layers of epithelial cells with variable amounts of clear or 
lightly eosinophilic cytoplasm. No necrosis is seen, and mitotic  fi gures 
are absent or rare       

  Fig. 1.57    Collecting duct carcinoma of the kidney. Axial image of 
contrast-enhanced CT reveals left kidney mass ( long arrow ) with 
in fi ltrative pattern resulting in perirenal fat stranding ( arrowheads ). 
Left psoas muscle is also in fi ltrated by tumor ( short arrow )       

  Fig. 1.58    Collecting duct carcinoma. Collecting duct carcinoma can 
originate anywhere in the parenchyma, but small cancers are often 
located centrally, as shown in this image. Tumors range in size from 1 
to 16 cm in diameter. The cut surface of collecting duct carcinoma is 
typically  fi rm and gray white, sometimes with obvious necrosis and 
with renal vein invasion in about 20 % of cases (From MacLennan GT, 
Cheng L. Neoplasms of the kidney. In: Bostwick DG, Cheng L, editors. 
Urologic Surgical Pathology. 2nd ed. Edinburgh: Mosby/Elsevier; 
2008, with permission)       
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   Imaging 
    US/CT/MRI: Poorly de fi ned in fi ltrative mass centered in • 
the renal medulla with extension into the renal sinus and 
cortex. Early invasion into the vascular and lymphatic 
structures (Fig.  1.60a, b ).   
  Reniform contour of the kidney is usually maintained.  • 
  May demonstrate heterogeneous appearance secondary to • 
tumor necrosis.     

   Pathology 
    Renal medullary carcinoma is an uncommon highly • 
aggressive renal cancer that is believed to arise in the ter-
minal collecting ducts and their adjacent papillary epithe-
lium (Figs.  1.61  and  1.62 ).    
  Its occurrence is very strongly associated with sickle • 
cell hemoglobinopathies: The majority of affected 
patients have been African Americans with sickle 

  Fig. 1.59    Collecting duct 
carcinoma. Collecting duct 
carcinoma shows architectural 
complexity that can include 
papillary and tubular structures 
and solid cord-like areas. 
Pronounced stromal desmoplasia 
is typically present. In the image 
shown here, the tumor is 
composed of tubules lined by 
malignant cells with marked 
nuclear atypia and varying 
amounts of eosinophilic 
cytoplasm. The tumor irregularly 
in fi ltrates normal kidney, at right, 
forming an ill-de fi ned interface 
with a pronounced in fl ammatory 
in fi ltrate at the junction between 
tumor and normal parenchyma       
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  Fig. 1.60    Renal medullary carcinoma. ( a ) Gray-scale ultrasound demonstrates a hypoechoic mass ( arrow ). ( b ) Axial contrast-enhanced CT 
reveals a poorly de fi ned hypodense mass ( M ) with lymph node ( arrow ) and liver metastases ( arrowheads )       
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cell trait (HbAS) or hemoglobin SC disease (HbSC) 
and, infrequently, sickle cell disease (HbSS); rarely, it 
affects white patients without evidence of sickle cell 
hemoglobinopathies.  
  Most patients are between 5 and 40 years of age with a • 
mean age at diagnosis of 19–22 years. The male-to-female 
ratio is 1.9:1, and oddly, about 75 % of tumors occur on 
the right and 25 % occur on the left.  
  Most patients are symptomatic, with both local symptoms • 
(abdominal or  fl ank pain, hematuria, mass) and systemic 
symptoms (fever, nausea, vomiting, weight loss); time from 
onset of symptoms to time of diagnosis is often short.  
  Since 95 % of patients with renal medullary carcinoma • 
have metastatic cancer at the time of diagnosis or shortly 
thereafter, the prognosis is poor. Long-term disease-free 
survival is rare, and mean survival time is 19 weeks.      

   Translocation Carcinoma 
   General Information 

    These neoplasms account for approximately one-third of • 
RCCs in the pediatric and adolescent age group.  
  They have no speci fi c imaging feature.  • 
  Hyperdense mass on unenhanced CT and hypointense • 
manifestation on T2-weighted MRI.     

  Fig. 1.62    Renal medullary 
carcinoma. The histological 
appearance includes a variety of 
architectural patterns: tubular, 
reticular, or sheet-like, to name a 
few. Tumor cells are 
pleomorphic, with large nuclei, 
prominent nucleoli, and varying 
amounts of eosinophilic 
cytoplasm. An intense 
in fl ammatory response is often 
present, and stromal desmoplasia 
is typical. A characteristic 
 fi nding is the presence of sickled 
erythrocytes, evident in the lower 
half of this image       

  Fig. 1.61    Renal medullary carcinoma. When small, renal medullary car-
cinomas are centrally located; when large, as in this case, their site of ori-
gin is inapparent. They are typically poorly circumscribed, lobulated,  fi rm 
to rubbery, tan to gray, with varying degrees of hemorrhage and necrosis. 
The bulky necrotic tumor shown here arose in a patient with sickle cell 
trait (From MacLennan GT, Resnick MI, Bostwick DG. Pathology for 
Urologists. Philadelphia: Saunders; 2003, with permission)       
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   Pathology 
    Translocation carcinomas are a group of tumors de fi ned • 
by a variety of chromosome translocation (Figs.  1.63  and 
 1.64 ). All of the translocations involve a breakpoint at 
Xp11.2, and all result in the fusion of TFE3 transcription 
factor at this locus with one of multiple translocation 
partners.    
  Almost all of the patients are 18 years old or younger. It • 
has also been seen in a portion of patients who have previ-
ously received chemotherapy. The morphology of the 
tumor depends on the translocation involved.      

   Mucinous Tubular and Spindle 
Cell Carcinoma 
   General Information 

    A low-grade rare subtype of RCC     • 

   Imaging 
   Magnetic Resonance Imaging 

  Lesion appears with low signal intensity on T2-weighted • 
image.  
  Poor contrast enhancement after contrast administration.     • 

   Pathology 
    Mucinous tubular and spindle cell carcinoma (MTSC) • 
occurs predominantly in females from 13 to 82 years old, 
with a mean age of 53 years (Figs.  1.65  and  1.66 ).    
  Although some tumors are symptomatic, the majority are • 
discovered incidentally during abdominal imaging stud-
ies to assess other conditions.       

   Malignant Nephroblastic Neoplasms 

   Nephroblastoma (Wilms’ Tumor) 
   General Information 

    Wilms’ tumor is the commonest pediatric renal neoplasm.  • 
  Ultrasound is the most common method for initial diag-• 
nosis of Wilms’ tumor. CT and MRI are better modalities 
for staging of the tumor.     

   Imaging 
   Ultrasound 

  Wilms’ tumor appears as a large, well-de fi ned mass.  • 
  It has heterogeneous echotexture that is visualized sec-• 
ondary to hemorrhage and calci fi cation (Fig.  1.67a ).   
  Color  fl ow Doppler may reveal vascularity in the mass • 
(Fig.  1.67b ).   

  Computed Tomography 
  Large, spherical, well-de fi ned renal mass, often with a • 
rim of compressed renal parenchyma or pseudocapsule 
surrounding it. May also grow exophytically if arising 
from the peripheral cortex of the kidney (Fig.  1.67c, d )  
  Appears hypodense to the surrounding normal renal • 
parenchyma on contrast-enhanced scans.  
  May have heterogeneous appearance due to necrosis or • 
fat deposition.  
  Calci fi cations are present in about 13 %.  • 
  Bilateral Wilms’ tumor may be seen in about 10 % of • 
patients.  
  Chest CT is often done to look for pulmonary metastases, • 
lungs being the commonest site of distant metastases.   

  Magnetic Resonance Imaging 
  Large well-de fi ned and well-marginated mass and low on • 
T1- and high on T2-weighted images. It may have a vari-
able appearance on both sequences due to tumor necrosis 
(Fig.  1.68a, b ) and does demonstrate heterogeneous 
enhancement on postgadolinium images (Fig.  1.68c ).      

  Fig. 1.63    Translocation carcinoma PRCC-TFE3 type. This is an example 
of PRCC-TFE3 carcinoma, which is typically  yellow  or  gray , ranges in 
size from 3 to 14 cm in diameter, and has a  fi brous pseudocapsule that has 
varying degrees of calci fi cation in the majority of cases, sometimes sub-
stantial enough to impart an eggshell-like consistency (From MacLennan 
GT, Cheng L. Neoplasms of the kidney. In: Bostwick DG, Cheng L, edi-
tors. Urologic Surgical Pathology. 2nd ed. Edinburgh: Mosby/Elsevier; 
2008, with permission)       
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  Fig. 1.65    Mucinous tubular and spindle cell carcinoma. Tumors range 
from 2.2 to 12 cm in size, averaging 6–7 cm. Tumors are sharply cir-
cumscribed,  gray white ,  tan , or  yellow  and sometimes have minimal 
hemorrhage and/or necrosis. Their cut surfaces are commonly bulging, 
shiny, and mucoid, due to their content of mucin       

  Fig. 1.64    Translocation 
carcinoma ASPL-TFE3 type. 
ASPL-TFE3 carcinoma exhibits 
nested and pseudopapillary 
growth patterns and conspicuous 
psammomatous calci fi cations. 
Tumor cells have well-de fi ned 
cell borders and voluminous 
cytoplasm that is predominantly 
clear, but may be lightly 
eosinophilic or densely granular. 
Nuclei have vesicular chromatin 
and single prominent nucleoli       

 

 



42 M.R. Onur et al.

  Fig. 1.66    Mucinous tubular and 
spindle cell carcinoma. Tumor is 
composed of round, ovoid, or 
elongated tightly packed tubules 
separated by abundant basophilic 
extracellular mucin, sometimes 
with a “bubbly” myxoid 
consistency. Focal aggregates of 
spindled cells are present in some 
of these tumors and may raise 
concern for sarcomatoid change, 
but the spindled areas lack 
necrosis, mitotic activity, and 
signi fi cant nuclear 
pleomorphism. Tubules are lined 
by low cuboidal cells with scant 
cytoplasm and uniform round 
nuclei of low nuclear grade, 
lacking conspicuous nucleoli or 
mitotic activity       
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  Fig. 1.67    Wilms’ tumor. ( a ) Gray-scale ultrasound reveals a solid mass 
( M ) with heterogeneous echotexture arising from the kidney. ( b ) Color 
 fl ow Doppler ultrasound demonstrates vascular  fl ow in the mass. Axial 
and coronal ( c ,  d ) contrast-enhanced CT images demonstrate a well-

de fi ned exophytic mass ( M ) enhancing less than left kidney. Tumoral 
in fi ltration is observed along posterior contour of the left kidney 
( arrowhead )       
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Fig. 1.67 (continued)
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   Pathology 
    Nephroblastoma accounts for approximately 8 % of solid • 
tumors in children and 80 % of pediatric renal tumors; 
75 % of patients are between 1 and 5 years old (Figs.  1.69  
and  1.70 ).    
  It occurs rarely in adolescents and adults. Patients present • 
with pain, anorexia, fever, and gross hematuria, and some 
are hypertensive. An abdominal mass is palpable in 90 % 
of patients, and bilateral tumors occur in 4.4 % of patients.  
  Nephroblastoma is associated with numerous anomalies • 
(cryptorchidism, hypospadias, aniridia, hemihypertrophy) 
and syndromes (Beckwith-Wiedemann, Drash). Its devel-
opment is linked to aberrations on several chromosomes, 
notably 11p.      

   Cystic Partially Differentiated Nephroblastoma 
    Cystic partially differentiated nephroblastoma occurs in • 
young children and is regarded as part of the spectrum of 
Wilms’ tumor (Figs.  1.71  and  1.72 ).    
  It affects boys and girls with approximately equal fre-• 
quency. Its discovery in children more than 24 months old 
is exceptionally uncommon. Complete surgical excision 
cures this lesion.      

   Malignant Mesenchymal Tumors Occurring 
Mainly in Children 

   Clear Cell Sarcoma of Kidney 
   General Information 

    Most frequently occurs in 2nd year of life.  • 
  Extracapsular tumor spread occurs in approximately 70 % • 
of patients.  
  Most metastatic sites are lymph nodes, bone (50 % of • 
patients), liver, and lung.     

   Imaging 
   Ultrasound 

  Large well-de fi ned predominantly solid mass.  • 
  Cystic changes may be observed. Large  fl uid- fi lled cystic • 
spaces with echogenic septa may also be present.   

  Computed Tomography 
  A sharply demarcated solid intrarenal mass.  • 
  Hypodense mass on unenhanced CT with less enhancement • 
relative to renal parenchyma on contrast-enhanced CT.  
     The mass can across the midline.  • 
  Calci fi cation may be found in 25 % of patients.     • 

a

c

b

  Fig. 1.68    Wilms’ tumor. Axial ( a ) and coronal ( b ) T2-weighted 
images reveal a large mass ( arrow ) with intermediate-high signal inten-
sity originating from left kidney ( arrowhead ). Hyperintense areas in the 

mass are attributed to necrosis and cystic changes. ( c ) Contrast-
enhanced fat-saturated T1-weighted image reveals heterogeneous 
enhancement of the mass       
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   Pathology 
    This tumor, which accounts for about 6 % of pediatric • 
renal neoplasms, occurs in children of the same age as 
those affected most often by nephroblastoma (12–
36 months) (Figs.  1.73  and  1.74 ).    
  It is resistant to the treatment regimens that are effective • 
for nephroblastoma, but responds to doxorubicin-based 
chemotherapy. Long-term survival rate is about 69 %.      

   Rhabdoid Tumor of Kidney 
   General Information 

    Aggressive and lethal malignancy. Presents as a bulky • 
mass replacing kidney.  
  Palpable abdominal mass is the most frequently encoun-• 
tered presenting symptom.     

   Imaging 
   Ultrasound 

  These tumors appear on ultrasound as a mass of mixed or • 
increased echogenicity with or without calci fi cation.  
  Nodular tumoral implants can be observed.   • 

  Computed Tomography 
  Mixed density mass with lobulated contour. Solid por-• 
tions of the mass enhance avidly.  

  CT may reveal subcapsular  fl uid collections, nodular • 
implants, and irregular thickening of renal capsule.   

  Magnetic Resonance Imaging 
  Rhabdoid tumors present with intermediate signal inten-• 
sity on T1- and T2-weighted images.  
  Subcapsular  fl uid collection appears hyperintense on • 
T2-weighted images.     

   Pathology 
    Rhabdoid tumor accounts for about 2.5 % of pediatric • 
renal neoplasms, occurring in males more often than 
females (Figs.  1.75  and  1.76 ). The great majority of 
patients are less than 3 years old, with a median age 
of 11 months at the time of diagnosis.    
  Rhabdoid tumor carries the worst prognosis of any pedi-• 
atric renal neoplasm: It commonly presents at an advanced 
stage, no satisfactory treatment regimens have been devel-
oped, and 5-year survival is only 10–23 %.      

   Renal Sarcoma 
   General Information 

    Primary renal sarcomas are very rare (accounting for approx-• 
imately 1 % of malignant renal parenchymal tumors).  
  Several types of renal sarcoma include leiomyosarcoma • 
(Fig.  1.77a, b ), angiosarcoma (Fig.  1.78a–c ), hemangio-
pericytoma, liposarcoma, rhabdomyosarcoma,  fi brosarcoma, 
and osteosarcoma (Fig.  1.79a, b ); the biologic behaviors of 
each tumor vary with the histological type.     
  Primary renal osteosarcoma is very rare.     • 

   Imaging 
    Differentiation from RCC is suggested by the capsular • 
origin of the sarcoma/sarcomatoid tumors, seen in about 
50 % of the renal sarcomas.  
  RCCs tend to have a parenchymal localization, and sarco-• 
mas having a parenchymal origin may have a similar 
appearance as RCC on CT.  
  Renal liposarcomas usually arise in the renal capsule or • 
perinephric fat and tend to cause compression rather than 
invasion of the renal parenchyma.  
  Well-differentiated liposarcomas typically are identi fi ed • 
by the presence of fat, while the undifferentiated or poorly 
differentiated liposarcomas are indistinguishable from 
other sarcomas.  
  Renal osteosarcoma is suggested on CT by a peripherally • 
located renal mass containing dense ossi fi cation.      

   Leiomyosarcoma 
   General Information 

    Leiomyosarcoma is the most common renal sarcoma, • 
accounting for about 58 % of all sarcomas, followed by 
hemangiopericytoma and liposarcoma.  

  Fig. 1.69    Nephroblastoma (Wilms’ tumor). Nephroblastoma is typi-
cally more than 5 cm in diameter, often weighs more than 500 g and 
is usually circumscribed by a distinct pseudocapsule. It is multicentric 
in 7 % of cases and bilateral in 5 %. Its cut surface is pink, tan, or pale 
gray and commonly shows areas of hemorrhage, necrosis, and cyst for-
mation. It may be soft or  fi rm and may extend into renal vein or renal 
pelvis; in the latter case, it may assume a “botryoid” appearance       
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  Fig. 1.71    Cystic partially 
differentiated nephroblastoma. 
This neoplasm tends to be very 
large, measuring up to 18 cm. in 
greatest dimension. It is sharply 
demarcated from the adjacent 
normal kidney and entirely 
composed of variably sized cysts, 
without expansile nodules of 
tumor (Photo courtesy of 
Nicholas Houska)       

  Fig. 1.70    Nephroblastoma (Wilms’ tumor). The microscopic  fi ndings 
in nephroblastoma vary according to the relative amounts of three com-
ponents: stroma, blastema, and epithelial elements. Blastema ( black 
arrow    ) consists of small cells with scant cytoplasm, dark nuclei, and 
numerous mitotic  fi gures, forming serpentine arrays, nodules, or dif-
fuse sheets. The stromal component ( blue arrow ) may include any of a 
number of mesenchymal derivatives, such as  fi broblast-like spindle 
cells, smooth or skeletal muscle, cartilage, fat, or bone. The epithelial 

component most often consists of poorly formed tubules ( red arrow ) 
and glomeruli, but epithelial cells with mucinous, squamous, neural, or 
endocrine differentiation may also be observed. Anaplasia in nephro-
blastoma, found in about 6 % of cases, most often in patients over 
2 years old, determines “unfavorable histology,” which worsens prog-
nosis. It is de fi ned as the combination of cells with large multipolar 
mitotic  fi gures and cells with very large hyperchromatic nuclei, at least 
three times the size of typical blastemal nuclei       
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  Fig. 1.72    Cystic partially 
differentiated nephroblastoma. 
The cysts are lined by low 
cuboidal or hobnail epithelium. 
Within the septa, one may  fi nd 
blastema ( black arrow ), luminal 
structures resembling tubules 
( red arrow ), immature glomeruli, 
and mesenchymal elements, most 
often skeletal muscle and myxoid 
mesenchyme ( blue arrow ), less 
often cartilage or fat       

  Fig. 1.73    Clear cell sarcoma of 
kidney ( CCSK ). CCSKs are 
large, well-circumscribed 
sharply demarcated unicentric 
masses that range from 2.3 to 
24 cm in diameter. Their cut 
surfaces are  gray tan , soft, and 
mucoid, and cysts, hemorrhage, 
and small foci of necrosis are 
commonly observed. In 5 % of 
cases, renal vein extension of 
tumor is evident, and lymph 
node metastases are found in 
30 % of patients at the time of 
diagnosis (From MacLennan 
GT, Cheng L. Atlas of 
Genitourinary Pathology. New 
York/London: Springer; 2011. 
Reprinted with permission)       
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  Most patients are between 40 and 70 years of age.  • 
  Presenting symptoms include  fl ank pain, abdominal mass, • 
and hematuria.  
  Parenchymal-based leiomyosarcomas cannot be differen-• 
tiated from RCC.     

   Imaging 
   Computed Tomography 

  Leiomyosarcomas manifest as expansile solid mass with • 
heterogeneous enhancement on CT (Fig.  1.77a ).  
  Tumors originating from renal capsule may envelop the • 
kidney.  
  Necrotic areas can be visualized as hypodense areas on CT. • 
Entire lesion may appear as a multilocular cystic mass.   

  Magnetic Resonance Imaging 
  Leiomyosarcomas present with heterogeneous appear-• 
ance on MRI.  
  Low signal intensity areas are visualized on T1- and • 
T2-weighted images (Fig.  1.77b ).  
  Enhancement occurs in delayed phases secondary to • 
 fi brous content of the tumor.     

   Pathology 
    Leiomyosarcoma, the most common primary renal sar-• 
coma, is a malignant neoplasm demonstrating smooth 
muscle differentiation (Figs.  1.80  and  1.81 ).    
  It accounts for only about 0.5 % of all primary renal malig-• 
nancies, but comprises 50–60 % of primary renal sarco-
mas. Nearly all patients are adults, with a mean age of 
about 58 years and with no striking gender predilection.  
  Renal leiomyosarcoma may arise from the renal paren-• 
chyma, renal capsule, main renal vein, or smooth muscle 
of renal pelvis and, rarely, in a background of renal 
angiomyolipoma.  
  The prognosis for renal leiomyosarcoma is generally • 
poor, with a reported 3-year survival rate of only 20 % in 
one large series.       

  Fig. 1.74    Clear cell sarcoma. 
Tumor cells are arranged in cords 
or columns regularly intersected 
by  fi brovascular septa of variable 
width. Tumor cells are plump 
and ovoid or spindled. Their 
nuclei are fairly uniform, round 
to oval, and often vesicular, with 
 fi nely dispersed chromatin, 
inconspicuous nucleoli, and 
infrequent mitotic  fi gures. 
Optically clear material separates 
the tumor cells and imparts a 
clear cell appearance; this 
material consists of extracellular 
mucopolysaccharide matrix       

  Fig. 1.75    Rhabdoid tumor. Rhabdoid tumor of the kidney ( RTK ) is 
usually unicentric and unilateral, and most weigh less than 500 g. It is 
typically soft, bulging,  yellow gray , or  light tan , often friable and some-
times exhibits hemorrhage and/or necrosis. Its interface with the adja-
cent normal kidney is indistinct (From MacLennan GT, Resnick MI, 
Bostwick DG. Pathology for Urologists. Philadelphia: Saunders; 2003, 
with permission)       
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   Renal Lymphoma 

   General Information 
    Renal lymphoma is almost always secondary to systemic • 
disease; however, cases of primary renal lymphoma occur 
(see Pathology section).  
  Secondary renal involvement may occur either from gen-• 
eralized hematogenous dissemination of lymphoma or by 
direct extension of retroperitoneal disease.  

  Bilateral renal involvement is more common and seen in • 
about 75 % of cases.  
  Renal lymphoma is more commonly seen with non-• 
Hodgkin’s variety than Hodgkin’s lymphoma.     

   Imaging 
   Ultrasound 

  Lymphomatous masses appear as homogeneous • 
hypoechoic lesions on ultrasound (Fig.  1.82 ).   

  Fig. 1.76    Rhabdoid tumor. RTK 
is composed of monotonous 
sheets of loosely cohesive large 
polygonal cells with vesicular 
nuclei, many of which have a 
single cherry-red nucleolus of 
variable prominence. Some 
tumor cells exhibit juxtanuclear, 
globular, eosinophilic 
cytoplasmic inclusions ( arrow ), 
composed ultrastructurally of 
whorled intermediate  fi laments. 
RTK freely in fi ltrates the 
adjacent renal parenchyma, and 
extensive vascular invasion is 
common       

a b

  Fig. 1.77    Renal leiomyosarcoma. ( a ) Axial contrast-enhanced CT 
demonstrates an exophytic hypodense mass ( arrow ) arising from right 
kidney. ( b ) Contrast-enhanced fat-saturated T1-weighted image on 

axial plane reveals mildly enhancing well-de fi ned mass in the renal 
parenchyma of the right kidney ( arrow )       
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  Fig. 1.78    Angiosarcoma of the kidney. ( a ) Power Doppler ultrasound 
demonstrates a poorly circumscribed mass ( arrow ) with heterogeneous 
echotexture arising from the left kidney ( arrowhead ). ( b ) Contrast-
enhanced CT reveals a hypodense renal mass ( arrow ) invading neigh-
boring structures. ( c ) Axial contrast-enhanced CT of another patient 
demonstrates a mass ( arrow ) originating from the right kidney. 
Peripherally enhancing serpiginous components appear hyperdense       
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  Fig. 1.79    Renal osteosarcoma. ( a ) Gray-scale ultrasound image 
reveals a crescent shape calci fi cation ( arrow ) along the posterolateral 
border of the right kidney with posterior acoustic shadowing which was 
assumed to be parenchymal calci fi cation. ( b ) Axial CT of same patient 
performed for other reasons after 1 year demonstrates a large ill-de fi ned 
heterogeneous mass with irregular calci fi cations ( arrow )       
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  Diffuse lymphomatous involvement causes enlarged kid-• 
ney with diffuse hypoechoic appearance.  
  Color  fl ow Doppler ultrasound reveals vascularity in the • 
masses. Displacement of normal renal vessels can be 
observed.   

  Computed Tomography 
  Five CT patterns of renal lymphoma can be visualized • 
(Table  1.7 ).   
  Multiple renal masses/nodules are the most common CT • 
manifestation of renal lymphoma, occurring in about 
59 % of cases.  
  These nodule or masses are hypodense to the surrounding • 
normal renal parenchyma and have a homogeneous 
appearance (Fig.  1.83 ). CT can also reveal perirenal lym-
phomatous in fi ltration (Fig.  1.84a, b ).    
  The renal vasculature remains patent despite tumor • 
encasement and is very characteristic for lymphoma.   

  Magnetic Resonance Imaging 
  Renal lymphoma is hypointense on T1-weighted images • 
and hypo- to isointense on T2-weighted images, with evi-
dence of enhancement (Fig.  1.85a–c ).      

  Fig. 1.81    Leiomyosarcoma. The 
microscopic features of renal 
leiomyosarcoma are similar to 
those of leiomyosarcoma at other 
sites. It is composed of spindled 
nontapered eosinophilic cells 
with blunt-ended nuclei, with 
fascicular, plexiform, or 
haphazard architecture. The 
degree of nuclear pleomorphism 
is variable, as are mitotic rates. 
Necrosis and microscopic 
vascular invasion are often 
present       

  Fig. 1.80    Leiomyosarcoma. Renal leiomyosarcomas are usually large 
(up to 23 cm), solid at least focally necrotic. The degree of tumor cir-
cumscription varies. Most are  gray white  and soft to  fi rm; some have a 
whorled cut surface. The tumor shown in this image arose in a back-
ground of angiomyolipoma (From MacLennan GT, Cheng L. Neoplasms 
of the kidney. In: Bostwick DG, Cheng L, editors. Urologic Surgical 
Pathology. 2nd ed. Edinburgh: Mosby/Elsevier; 2008, with permission)       
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  Fig. 1.82    Renal lymphoma. Gray-scale ultrasound demonstrates 
 ill-de fi ned hypoechoic masses ( arrows ) in the renal parenchyma repre-
senting renal lymphoma       

   Table 1.7    CT patterns of kidney lymphoma   

 Multiple renal masses 
 Solitary mass 
 Renal invasion from contiguous retroperitoneal disease 
 Perirenal disease 
 Diffuse renal in fi ltration 

  Fig. 1.83    Renal lymphoma. Axial contrast-enhanced CT demonstrates 
bilateral well-de fi ned hypodense masses ( arrows ) in the renal 
parenchyma       

  Fig. 1.84    Perirenal lymphomatous in fi ltration. Axial contrast-
enhanced CT images ( a ,  b ) demonstrate bilateral renal capsular thick-
ening and perirenal stranding enveloping kidney ( arrows ) with enlarged 
paraaortic lymph nodes ( arrowheads )       
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   Pathology 
    Primary renal lymphoma accounts for less than 1 % of all • 
extranodal lymphomas; it is de fi ned as lymphoma that 
presents initially with signs and symptoms related to the 
kidneys and is by all diagnostic criteria initially limited to 
one or both kidneys (Figs.  1.86  and  1.87 ).    
  It has been reported to account for as many as 3 % of • 
surgically excised renal tumors initially regarded clini-
cally as renal carcinoma.  
  Patients present in either of two clinical scenarios: those • 
with renal masses mimicking renal cell carcinoma and 
those who present with acute renal failure associated with 
massive bilateral renal in fi ltration by lymphoma. In those 

with renal masses, clinical and radiological features that 
suggest renal lymphoma include multifocal and/or bilat-
eral lesions, predominantly perirenal plaques, extrarenal 
extension of tumor, and very prominent hilar 
adenopathy.  
  Some lymphomas show renal vein or even vena cava • 
extension, a radiological feature typical of renal cell 
carcinoma.  
  The prognosis for primary renal lymphoma is guarded. • 
There are many reports of complete remission. Detection 
of extrarenal disease after an initial diagnosis of primary 
renal lymphoma portends a poor outcome in some but not 
all instances.      

a c

b

  Fig. 1.85    Axial ( a ), coronal ( b ) T2-weighted images demonstrate 
multiple hypointense foci ( arrows ) in the renal parenchyma represent-
ing lymphomatous in fi ltration. ( c ) Sagittal view of contrast-enhanced 

T1-weighted image reveals lymphomatous masses as hypo intense 
masses in the renal parenchyma ( arrow )       
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  Fig. 1.86    Lymphoma. Renal 
lymphoma sometimes presents 
with clinical and radiological 
manifestations indistinguishable 
from renal carcinoma, prompting 
nephrectomy, as in the case shown 
here. Renal lymphoma produces 
single or multiple tumor nodules 
that are variably described as 
friable, soft and  fl eshy, or  fi rm or 
rock hard. The nodules are usually 
 pale tan ,  pink , or  gray white , with 
varying degrees of necrosis and/or 
hemorrhage, and may obliterate 
substantial portions of the renal 
parenchyma. Perirenal soft tissue 
extension and in fi ltration of the 
adrenal and/or renal hilar vessels 
are common (From MacLennan 
GT, Resnick MI, Bostwick DG. 
Pathology for Urologists. 
Philadelphia: Saunders; 2003, 
with permission)       

  Fig. 1.87    Lymphoma. 
Lymphoma may grow in diffuse 
expansile sheets or may in fi ltrate 
the renal parenchyma in an 
interstitial pattern, sparing 
tubules, and glomeruli, as 
illustrated here. Although 
virtually all histological 
lymphoma subtypes may be 
encountered, diffuse large B-cell 
lymphoma (shown here) and its 
variants are the most commonly 
encountered renal lymphomas       
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   Metastases 

   General Information 
    The kidney is the  fi fth most common site of metastases in • 
the body, after lung, liver, bone, and adrenals.  
  The three primary neoplasms with the highest frequency • 
of renal metastases are lung, breast, and carcinoma of the 
other kidney.     

   Imaging 
   Ultrasound 

  Heterogeneous hypoechoic solid masses.  • 
  Color  fl ow Doppler may detect vascular signal.  • 
  Multiple metastases may cause diffuse heterogeneous • 
appearance.   

  Computed Tomography 
  Most common appearance of renal metastases is that of • 
multiple bilateral lesions which are best seen on contrast-
enhanced scans (Fig.  1.88a–c ).   

  Fig. 1.88    Renal metastasis. Axial ( a ) and coronal ( b ) CT images reveal ill-de fi ned masses ( arrows ) less enhancing relative to renal parenchyma. 
( c ) PET-CT demonstrates increased metabolic activity ( arrows ) in the lesions con fi rming malignancy         

a c

b
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  Solitary exophytic metastasis is often seen with colon • 
cancer; metastatic melanoma often shows perinephric 
tumor extension.  
  CT can also demonstrate tumoral invasion of kidney from • 
neighboring organs (Fig.  1.89a, b ).       

   Other Kidney Neoplasms 

     (a)      Transitional cell carcinoma: Clinical, radiological, and 
pathological features of TCC are described in Chap.   8    .  

    (b)      Posttransplant lymphoproliferative disorder (PTLD): 
PTLD is described with imaging features in Chap.   6    .  

    (c)      Extramedullary hematopoiesis: Extramedullary hematopo-
iesis (EMH) results from erythropoiesis failure in bone 
marrow. EMH occurs most often in the spleen and liver 
and occasionally in the lymph nodes. Renal involvement 
may include renal parenchyma, renal pelvis, and perire-
nal space. Parenchymal involvement may manifest as 
diffusely enlarged kidney or focal lesions. Perirenal type 

appears as single or multiple nodular masses (Fig.  1.90a, 
b ). On CT, EMH presents as hypodense masses with mild 
enhancement. Bone marrow imaging with indium 111 
( 111 In) chloride ( 111 InCl 

3
 ) and  99m Tc–sulfur colloid has 

been useful in the diagnosis of EMH.   
    (d)       Rare tumors : Carcinoid, small cell carcinoma, primitive 

neuroectodermal tumor, neuroblastoma, and teratoma.  
    (e)       In fl ammatory Pseudotumor of the Kidney

   In fl ammatory pseudotumor (IPT) of the kidney is a • 
rare benign condition with unknown etiology that can 
mimic malignancy.  
  Admixed in fl ammatory and  fi broblastic cell in fi ltration • 
forms mass-like lesion.  
  IPT lesions may present as a well-circumscribed, • 
polypoid, locally aggressive, or in fi ltrating mass.  
  Hypo- or hyperechoic lesions with ill-de fi ned or well-• 
circumscribed margins are sonographic features of 
IPT of kidney (Fig.  1.91a, b ).   
  CT features of IPT are variable and may appear simi-• 
lar to RCC (Fig.  1.92a, b ).   

a b

  Fig. 1.89    Pancreatic cancer invading kidney. Axial ( a ) and coronal ( b ) CT images demonstrate invasion of left kidney by pancreatic tail carci-
noma ( arrows )       
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a b

  Fig. 1.90    Perirenal hematopoiesis. ( a ) Axial contrast-enhanced CT 
(delayed excretory phase) of a patient with myelo fi brosis demonstrates 
multiple nodular densities ( arrowheads ) surrounding right kidney. 

Splenomegaly ( arrow ) is also observed. ( b ) Axial bone window image 
of pelvic CT reveals increased density of bones representing bone mar-
row replacement with myelo fi brosis       

  Solid portions of IPT of the kidney appear hypoin-• 
tense on T2-weighted MRI (Fig.  1.93a–c ). 
Enhancement of IPT begins in the arterial phase but 
increases in the venous phase. Delayed enhancement 
of IPT is probably due to an accumulation of extravas-
cular contrast media in the  fi brotic component of the 
lesion.         

   Pathology 
    Tumor is white and  fi brous, predominantly intrarenal, and • 
well circumscribed, without hemorrhage or necrosis. Some 
have a myxoid or gelatinous cut surface (Fig.  1.94a ).   
  Three histological patterns are described: one character-• 
ized by loosely organized spindle cells admixed with 
in fl ammatory cells and small blood vessels in an 
in fl ammatory background; a second, in which spindle 

cells are much more abundant and are admixed with col-
lagen and in fl ammatory cells; and a third, consisting of 
hypocellular  fi brous tissue with dense keloid-like  fi brosis 
and relatively few in fl ammatory cells (Fig.  1.94b ).       

   Role of PET in Renal Neoplasms 

    Positron emission tomography (PET) has been used in the • 
diagnosis and management of renal masses. The accuracy 
of PET in the diagnosis of renal cell carcinoma (RCC) 
is about 94 %. Excretion of  fl uorodeoxyglucose (FDG) 
from the kidney results in potential interpretive problems 
on PET. Also, PET has limited role in differential diagno-
sis of renal neoplasms. Summary of PET  fi ndings in renal 
masses is summarized in Table  1.8 .          
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a

b

  Fig. 1.91    In fl ammatory 
pseudotumor of the kidney. 
( a ) Gray-scale ultrasound 
demonstrates a well-de fi ned 
isoechoic mass ( arrow ) arising 
from inferior pole of the right 
kidney. ( b ) Color  fl ow Doppler 
ultrasound reveals vascularity in 
the mass       

 



591 Renal Neoplasms

a b

  Fig. 1.92    In fl ammatory pseudotumor. ( a ) Axial contrast-enhanced CT demonstrates a hypodense mass ( arrow ) with lobulated appearance in the 
left kidney. ( b ) Coronal CT corresponding reveals a well-de fi ned low-attenuation mass arising from upper pole the left kidney ( arrow )       
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  Fig. 1.93    In fl ammatory pseudotumor. ( a ) T2-weighted MRI (from 
another patient) reveals a right renal parenchymal mass ( arrow ) located 
posteriorly with peripheral hypointense solid and central hyperintense 
cystic component and extension to the paraspinal/perinephric region. 
( b ) After gadolinium administration, axial image shows that peripheral 
solid component and septa formations of lesion enhance earlier but less 

than the surrounding renal parenchyma, suggesting malignancy. ( c ) 
Coronal image shows septal enhancement and extension of the right 
renal mass into the psoas muscle. There is no extension into the renal 
vein (With permission from Onur MR, Firdolas F, Kocakoç E, Orhan I. 
In fl ammatory pseudotumor of the kidney. J Clin Imaging Sci. 2011;1:7. 
Epub 2011 Jan 8)       
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a

b

  Fig. 1.94    In fl ammatory 
myo fi broblastic tumor. ( a ) A 
white partially intrarenal  fi brous 
lesion without hemorrhage or 
necrosis. ( b ) In fl ammatory 
myo fi broblastic tumor. Tumor is 
a mixture of spindle cells, 
lymphocytes, and plasma cells. 
The spindle cells in these lesions 
show myo fi broblastic 
differentiation (From 
MacLennan GT, Cheng L. Atlas 
of Genitourinary Pathology. New 
York: Springer; 2011, with 
permission)       
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