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This chapter reviews various renal masses in 
children, placing emphasis on imaging findings and 
clinical features that are especially useful in differ-
entiating among renal masses. Malignant lesions 
are discussed first, including Wilms tumor, nephro-
genic rests/nephroblastomatosis, clear cell sarcoma, 
rhabdoid tumor, renal cell carcinoma, renal medul-
lary carcinoma, lymphoma, leukemia, and neuro-
blastoma. Benign lesions follow, with mesoblastic 
nephroma, ossifying renal tumor of infancy, mul-
tilocular cystic renal tumor, angiomyolipoma, and 
metanephric adenoma.

20.2 
Wilms Tumor

Eighty-seven percent of pediatric renal masses 
are Wilms tumors. They occur in approximately 
1:10,000 patients (Julian et al. 1995; Ritchey et 
al. 1995) with a peak age of presentation between 
3 and 4 years (Charles et al. 1998). Eighty percent 
of lesions are discovered before the age of 5 years 
(Lonergan et al. 1998). Wilms tumors are rare in 
neonates, with fewer than 0.16% under 1 month 
of age (Charles et al. 1998; Glick et al. 2004). 
Bilateral masses are found in 4–13% of children 
(Lonergan et al. 1998), and may be associated with 
various congenital anomalies including cryptor-
chidism (2.8%), hypospadias (1.8%), hemihyper-
trophy (2.5%), and sporadic aniridia (White and 
Grossman 1991).

Genetic factors related to Wilms tumors are well 
documented and continue to be described and better 
understood (Shamberger 1999). Chromosome 
11 is thought to have two loci that are implicated 
in the genesis of a small subset of Wilms tumors. 
Locus 11p13 and locus 11p15 are referred to as WT1 
and WT2 genes (Lowe et al. 2000). In patients with 
WAGR (Wilms tumor, aniridia, genitourinary abnor-
malities, and mental retardation) and Drash (male 
pseudohermaphroditism and progressive glomeru-
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20.1 
Introduction

Wilms tumor is the most common solid pediatric 
renal neoplasm. In recent years, several less common 
renal malignancies that were previously considered 
subtypes of Wilms tumor have been recognized as 
separate pathological entities. Although the vast 
majority of pediatric renal masses are Wilms tumor, 
various other newly described lesions may have a 
particular clinical history or distinctive imaging 
features that differentiate them from Wilms tumor 
(Table 20.1); however, despite the use of modern 
imaging techniques, renal neoplasms cannot always 
be diagnosed with pre-operative imaging.
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lonephritis) syndromes, an abnormal WT1 gene is 
present, whereas patients with Beckwith-Wiedemann 
and hemihypertrophy have an abnormal WT2 gene. 
Abnormalities at other sites, including chromosomes 
1, 12, and 8, have been recognized, leading to the 
belief that the genetics of Wilms tumor is multifacto-
rial. Approximately 1% of Wilms tumors are famil-
ial, in which cases there is no associated anomaly of 
chromosome 11 (Charles et al. 1998). Children with 
increased risk for developing Wilms tumor should be 
screened starting at 6 months of age with an initial CT, 
followed by serial ultrasound (US) every 3–6 months 
until 7 years of age. Screening can be discontinued 
after age 7 years, since there is a significantly lower 
risk of developing Wilms tumor (Beckwith 1998; 
Lonergan et al. 1998).

Wilms tumor most commonly presents with a 
firm, palpable mass, but may be discovered inciden-
tally after trauma in up to 10% of cases. Hematuria 
and pain are infrequent clinical findings, and con-
stitutional symptoms are usually absent. Renin pro-
duction by the tumor may cause hypertension in up 
to 25% of cases (Lonergan et al. 1998).

Wilms tumor originates from the metanephros 
(mesodermal precursors of renal parenchyma) or 
occasionally from mesonephric remnants within 
the extrarenal retroperitoneum (Shamberger 
1999). Grossly, the tumor is usually a soft gray or 
tan mass that is sharply defined by a pseudocapsule. 
Varying amounts of blastema, stroma, and epithe-
lium (triphasic) compose Wilms tumors on histo-
logical exam (Fig. 20.1). If there is differentiation 
along non-renal tissue lines, such as cartilage, bone, 
or muscle, then the mass is described histologically 
as “teratoid Wilms” (Fig. 20.2). Anaplasia (defined 
as nuclei with diameters at least three times those 
of adjacent cells with increased chromatin content; 
and multipolar or otherwise recognizable polyploid 
mitotic figures) is directly associated with poor 
response to chemotherapy and a poor prognosis 
(Charles et al. 1998).

Radiologically, most Wilms tumors are solid 
masses that distort the renal parenchyma, often with 
a visible pseudocapsule (Fig. 20.3). Tumor spread is 
usually by direct extension with displacement of 
adjacent structures, rather than encasement of ves-

Table 20.1. Age range, peak age at presentation, and distinct features of solid renal masses. VHL von Hippel-Lindau syndrome, 
TS tuberous sclerosis, NF neurofibromatosis

Renal neoplasia Age range Peak age Distinct clinical and imaging features

Wilms tumor
  Unilateral 1–11 years 3.5 years Most common solid renal mass of childhood. 

Most often large solid mass, often vascular inva-
sion

  Bilateral 2 months to 2 years 15 months Associated with nephroblastomatosis and various 
syndromes

Nephroblastomatosis Any age 6–18 months Bilateral, multiple subcapsular focal masses, often 
with associated bilateral solid Wilms tumors

Clear cell sarcoma 1 to 4 years 2 years Frequent skeletal metastases
Rhabdoid tumor 6 months to 9 years 6–12 months Associated with posterior fossa cranial neoplasms
Renal cell carcinoma 6 months to 60 years 10–20 years 

(VHL)
Non-specific appearing mass, association with 
VHL

Renal medullary carcinoma 10–39 years 20 years Exclusively seen in sickle cell trait or hemoglobin 
SC disease

Lymphoma
  Hodgkin disease >10 years Late teens Frequently associated adenopathy but variable 

appearance
  Non-Hodgkin lymphoma Any age <10 years Bilateral renal enlargement with loss of architec-

ture
Leukemia Any age Any age Reniform, bilateral nephromegaly
Neuroblastoma Any age <5 years Vascular encasement, calcification, neural exten-

sion
Mesoblastic nephroma <1 year 1–3 months Most common solid renal mass in infants and 

newborns
Ossifying renal tumor of infancy 6 days to 14 years 1–3 months Calcified mass in an infant
Multilocular cystic renal tumor
  Cystic nephroma 3 months to 4 years 1–2 years Large, multicystic mass in young children
  Cystic partially differentiated Adult women Adult women Large, multicystic mass in young women
Angiomyolipoma 6–41 years 10 years (VHL, 

TS, NF)
Fat and soft tissue mass associated with VHL, TS, 
NF

Metanephric adenoma 15 months to 
83 years

None Non-specific clinical or imaging features
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Fig. 20.1a,b. Wilms tumor in a 4-year-old-boy. a Gross specimen reveals a pseudocapsule and septa dividing the surface of the 
Wilms tumor (W) from the kidney (K). b Histological specimen shows the “triphasic” pattern of stromal (S), blastemal (B), and 
tubular (arrow) elements.

a b

Fig. 20.2. Wilms tumor in a 4-year-old-boy. Gross specimen 
shows fl eshy whorled surface, which on microscopy revealed 
heterologous tissue with abundant skeletal muscle differen-
tiation.

Fig. 20.3. Wilms tumor in a 5-year-old boy with an abdominal 
mass. Axial contrast-enhanced CT scan shows a large right 
renal mass (arrows) with heterogeneous enhancement and 
numerous calcifi cations.

sels and aortic elevation, which are characteristics 
that suggest neuroblastoma. Formation of a tumor 
thrombus in the renal vein, inferior vena cava, or 
right atrium is typical of Wilms tumor (Fig. 20.4). 
Metastases to the lungs (85%), liver, and regional 
lymph nodes are not uncommon (Lonergan et al. 
1998).

Areas of necrosis, hemorrhage, and/or calcifica-
tion (9%), and the presence of adipose tissue within 
Wilms tumors, causes them to have heterogeneous 
echogenicity on US (Lonergan et al. 1998; White 
and Grossman 1991). Doppler interrogation of the 
inferior vena cava (IVC) is useful to detect vascular 
invasion that may modify the surgical approach. On 
CT Wilms tumors are heterogeneously enhancing 
masses with areas of calcification, fat, or lymph-
adenopathy. Intravenous contrast administration is 

essential to detect hepatic metastases, tumor throm-
bus, and synchronous contralateral renal masses 
(Lowe et al. 2000). On MR imaging, Wilms tumor is 
hypointense on T1- and hyperintense on T2-weighted 
sequences. Although MR imaging has been reported 
to be the most sensitive modality for determining 
caval patency, patients frequently require sedation 
during scanning. Since Wilms tumors are often very 
large at presentation, severe distortion of adjacent 
organs, including the IVC, may prohibit a determi-
nation of venous invasion/patency. In the majority 
of children surgical planning is possible based on 
meticulous US and scrutiny of multiplanar images 
obtained with contrast-enhanced multidetector CT. 
Occasionally, Wilms tumor is mostly cystic, and it 
is not possible to distinguish it from multilocular 
cystic renal tumor (Fig. 20.5).
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Fig. 20.5. Cystic Wilms tumor in a 3-year-old boy with an abdom-
inal mass. Axial contrast-enhanced CT scan shows a large well-
defi ned multiseptate cystic mass (M) in the right kidney. (Image 
courtesy of C. W. Moore)

Fig. 20.4a,b. Wilms tumor in a 10-year-old girl. Axial contrast-enhanced CT scan demonstrates a large right renal mass (arrows) 
with invasion of the right iliopsoas muscle (I). b Transverse US image reveals a tumor thrombus at the confl uence of the hepatic 
veins (arrows).

a b

Table 20.2. Summary of tumor prognosis

Low risk
  Wilms tumor, highly epithelial type
  Mesoblastic nephroma
  Multilocular cystic renal tumor
  Angiomyolipoma
  Ossifying renal tumor of infancy
  Metanephric adenoma

Intermediate risk
  Wilms tumor, non-anaplastic
  Neuroblastoma
  Lymphoma
  Leukemia

High risk
  Wilms tumor, anaplastic
  Renal cell carcinoma
  Renal medullary carcinoma
  Clear cell sarcoma
  Rhabdoid tumor

Table 20.3. Wilms tumor staging

Stage Description

I Can be totally resected, limited to the kidney/renal 
sinus, intact renal capsule

II Can be totally resected despite local extension 
beyond the kidney

III Cannot be totally resected with residual nonhematog-
enous disease within the abdomen (including: resid-
ual non-resected tumor, positive margins, abdominal 
nodes, or contamination of the peritoneum from 
direct extension, implants, or spillage

IV Hematogenous spread of disease (lung, lymph nodes, 
liver)

V Bilateral massesa

aEach side should also be separately staged since prognosis is 
dependent on the higher individual stage

Treatment of unilateral Wilms tumor includes 
nephrectomy and chemotherapy. In very large tumors, 
pre-surgical chemotherapy may promote shrinkage 
and improve surgical outcome. Tumor bed radiation 
is needed in some cases, and whole abdominal irra-
diation is used if there is peritoneal tumor implan-
tation or gross tumor spillage at surgery. In bilateral 
Wilms tumor, each kidney is staged separately and 
pre-operative chemotherapy is used with the goal of 
complete resolution of disease in one kidney (Lowe 
et al. 2000). If accomplished, then nephrectomy of the 
contralateral kidney with eventual cure may be possi-
ble. In children with bilateral Wilms tumor in whom 
unilateral resolution of disease is not accomplished, 
the current approach is tumor resection with spar-
ing of as much normal renal parenchyma as possible. 
Histology and surgical stage of disease determine the 
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rate of cure (Tables 20.2, 20.3), which has improved 
from 10% in the 1920s to greater than 90% presently 
(Kalapurakal et al. 2004; White and Grossman 
1991). Fortunately, most Wilms tumors have very 
favorable pathology; however, long-term follow-up is 
important because children treated for Wilms tumor 
are at an increased risk of developing secondary 
malignancies of the kidneys and other organ systems 
(Cherullo et al. 2001; Paulino et al. 2000).

20.3 
Nephrogenic Rests and 
Nephroblastomatosis

Foci of metanephric blastema that persist in the renal 
parenchyma beyond 36 weeks gestation are referred 
to as nephrogenic rests. When diffuse or multifocal 
nephrogenic rests occur, the term nephroblastoma-
tosis is applied. Although nephrogenic rests may 
occur incidentally in up to 1% of infants (Lonergan 
et al. 1998), it is currently believed that 30–40% of 
unilateral (Lonergan et al. 1998) and up to 99% of 
bilateral Wilms tumors originate from these rests 
(White and Grossman 1991).

Histologically, there are four types of nephro-
genic rests including dormant, sclerosing, hyper-
plastic, or neoplastic. While dormant and sclerosing 
rests are usually microscopic and do not have malig-
nant potential, hyperplastic and neoplastic rests 
are grossly visible and do have malignant potential 
(Murphy et al. 1994).

Grossly and on imaging, nephrogenic rests are 
classified according to location as perilobar and 

intralobar (Fig. 20.6; Perlman et al. 2005; Loner-
gan et al. 1998). This classification system is useful 
to the imager because it is anatomical; however, only 
pathological classification is able to definitively 
determine the lesion type and location. The term 
panlobar is given when there is diffuse renal involve-
ment (Murphy et al. 1994). Perilobar rests, found 
in the peripheral cortex or columns of Bertin, are 
associated with Beckwith-Wiedemann syndrome, 
hemihypertrophy, Perlman syndrome (gigantism, 
cryptorchidism, visceromegaly, polyhydramnios, 
and characteristic facial features) and trisomy 18. 
Malignant degeneration into Wilms tumor occurs 
in up to 3% of patients with Beckwith-Wiedemann 
syndrome and hemihypertrophy (Lonergan et al. 
1998). Intralobar rests are much less common, and 
are present in 78% of patients with Drash syndrome, 
nearly 100% of those with sporadic aniridia, and 
also occur in WAGR syndrome. Malignant degen-
eration is much more common with intralobar than 
with perilobar rests. 

On US, nephrogenic rests are hypoechoic and 
more difficult to visualize compared with MR imag-
ing and CT. On CT they are peripheral, hypodense, 
poorly enhancing nodules (Figs. 20.7, 20.8). MR 
imaging reveals hypointensity on T1- and T2-
weighted sequences. When multiple, the nephro-
genic rests of nephroblastomatosis are usually bilat-
eral, classically subcapsular in location, and often 
associated with larger solid masses that indicate 
degeneration into Wilms tumors. With US, diffuse 
nephroblastomatosis causes the enlarged kidneys 
to be hypoechoic. Diffuse nephroblastomatosis 
may demonstrate a thick peripheral rind of tissue 
causing reniform enlargement of the kidney and a 
striated nephrogram after contrast administration 
(Lonergan et al. 1998).

The appropriate treatment for nephrogenic rests 
is controversial, with some authors recommending 
chemotherapy, whereas others maintain that close 
serial radiological evaluation for enlarging masses 
is sufficient; however, the lesions are often surgi-
cally resected since Wilms tumor must be excluded 
(Lonergan et al. 1998).

20.4 
Clear Cell Sarcoma

Clear cell sarcoma of the kidney, also known as 
“bone metastasizing renal tumor of childhood,” was 
previously considered a subtype of Wilms tumor. 

Fig. 20.6. Panlobar or universal nephroblastomatosis in a child. 
Gross specimen reveals complete loss of normal renal archi-
tecture within an extremely enlarged kidney. (With permission 
from Murphy et al. 1994; image courtesy of M. Rodriguez)
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Fig. 20.7a,b. Nephrogenic rest in a 12-year-old boy with hematuria. a Lon-
gitudinal US image reveals a well-defi ned, hyperechoic mass (arrow) in the 
left kidney. b Axial contrast-enhanced CT scan confi rms the presence of a 
well-defi ned lesion in the left kidney (arrow).a

b

Fig. 20.8a,b. Nephroblastomatosis in a 13-month-old boy with suspected hepatosplenomegaly. a Axial contrast-enhanced CT 
scan demonstrates bilateral replacement of normal parenchyma with numerous nephrogenic rests (arrows), some of which are 
large and worrisome for developing Wilms tumor. b Axial contrast-enhanced CT scan of the same child 6 months later reveals 
progression of multiple lesions forming bilateral Wilms tumors (W). A focal nephrogenic rest (arrow) is noted.

a b

In recent years, specific pathological features have 
allowed better classification of this malignancy. 
Clear cell sarcoma accounts for 4–5% of primary 
pediatric renal tumors (Charles et al. 1998; 
Hartman et al. 1982b) and boys are more often 
affected. All reported cases are unilateral and the 
age of peak incidence is from 1 to 4 years (Charles 
et al. 1998). The clinical presentation is non-specific 
but most often includes an abdominal mass.

Grossly, a well-circumscribed, soft mass is seen. 
On histological examination, small cells with incon-
spicuous nucleoli, ill-defined cell membranes, abun-
dant cytoplasmic vesicles, and a prominent capil-
lary network are characteristic (Fig. 20.9; Murphy 

et al. 1994); however, there is a spectrum of disease 
in which only 20% have clear cells.

On imaging, a well-defined, solid renal mass with-
out intravascular extension is identified. Unfortu-
nately, the appearance of clear cell sarcoma is non-
specific and cannot be differentiated from Wilms 
tumor (Fig. 20.10).

Clear cell sarcoma behaves aggressively, with a 
much higher rate of recurrence and mortality than 
Wilms tumor. It may metastasize to bone, liver, 
brain, lymph nodes, and lungs, in some cases long 
after nephrectomy. Treatment consists of chemo-
therapy and nephrectomy, with survival rates of up 
to 70% (Charles et al. 1998).
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Fig. 20.10. Clear cell sarcoma in a 15-month-old boy with an 
abdominal mass. Axial contrast-enhanced CT scan shows a 
large, heterogeneously enhancing left renal mass (arrows).

Fig. 20.9a,b. Clear cell sarcoma in a 15-month-old boy. a Gross specimen of a multilobulated mass. b Characteristic histology 
shows numerous cytoplasmic vesicles and delicate incomplete capillary arches. Cells contain extensive clear cytoplasm with 
displaced nuclei.

a b

20.5 
Rhabdoid Tumor

Rhabdoid tumor, a rare, highly aggressive malig-
nancy of early childhood, histologically resembles 
skeletal muscle, although a myogenic origin has 
not been proven. It is not related to Wilms tumor 
or rhabdomyosarcoma and was recently recognized 
as a distinct pathological entity (Lowe et al. 2000; 
Sacher et al. 1998). Further, recent cytogenetic stud-
ies have described a specific tumor suppressor gene 
on chromosome 22 in these patients. In challenging 
cases of rhabdoid tumor, a diagnosis is possible using 
cytogenetic studies, fluorescence in situ hybridiza-

tion (FISH), and molecular genetic analysis (Ogino 
et al. 2000).

Rhabdoid tumor includes 2% of all solid pediatric 
renal neoplasms. There is a male predominance of 
1.5:1 (Charles et al. 1998; Hartman et al. 1982b; 
Sacher et al. 1998). Eighty percent of cases occur at 
less than 2 years of age, with a median age at diagno-
sis of 11 months (Charles et al. 1998). Occasionally, 
this renal neoplasm has been reported in children 
up to 9 years of age. Presenting symptoms are non-
specific, but may include hematuria, an abdominal 
mass, or symptoms related to metastatic disease. 
Elevated serum calcium due to increased parathy-
roid hormone levels may be found. These levels nor-
malize following tumor resection (Hartman et al. 
1982b; Sacher et al. 1998).

Synchronous or metachronous primary mid-
line posterior fossa masses or brain metastases are 
a well-known, unique feature of rhabdoid tumors. 
Specifically, ependymoma, primitive neuroectoder-
mal tumor (PNET), and cerebellar and brain-stem 
astrocytoma have all been reported (Lowe et al. 
2000; Sacher et al. 1998).

Grossly, rhabdoid tumors are soft, uniform, well-
defined masses without a capsule (Fig. 20.11). Micro-
scopically, monomorphous, non-cohesive cells with 
prominent eosinophilic nucleoli and characteristic 
filamentous intracytoplasmic inclusions are charac-
teristic (Charles et al. 1998; Murphy et al. 1994). 
Some tumors may have superficial areas that resem-
ble the blastemal pattern of Wilms tumor.

The imaging appearance is often indistinguish-
able from Wilms tumor; however, there are several 
characteristics that can suggest rhabdoid tumor, 
including subcapsular fluid collections, tumor 
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Fig. 20.11a,b. Rhabdoid tumor in a 8-month-old boy. a Gross specimen demonstrates a pale, well-demarcated mass without 
a capsule. A small amount of normal kidney (K) is noted on the edge of the specimen. b Microscopic image of Rhabdoid 
tumor reveals monomorphic sheets of large, loosely cohesive cells with acidophilic cytoplasm, large nucleoli and distinct cell 
borders.

a b

Fig. 20.12a,b. Rhabdoid tumor in an 8-month-old boy with hematuria. a Axial contrast-enhanced CT scan demonstrates a large 
left renal mass (arrows) with heterogeneous enhancement. Noted are subcapsular fl uid collections. b Axial CT scan through the 
chest identifi es multiple foci of metastatic disease (arrows).

a b

lobules separated by hypodense areas of necrosis 
or hemorrhage, and linear calcifications outlining 
tumor lobules (Fig. 20.12). The mass is typically 
large, heterogeneous, and located near or involv-
ing the renal sinus. There may be vascular and 
local invasion of structures (Agrons et al. 1997; 
Hartman et al. 1982b; Sacher et al. 1998).

Rhabdoid tumor is extremely aggressive and has 
a dismal prognosis with an 18-month survival rate of 
only 20% (Agrons et al. 1997; Charles et al. 1998; 
Sacher et al. 1998). Unfortunately, most children 
have advanced metastatic disease at the time of pre-
sentation, most commonly to the lungs (80%), and 
less often the liver, abdomen, brain, lymph nodes, 
and skeleton.

20.6 
Renal Cell Carcinoma

Renal cell carcinoma (RCC) is rare in children, 
including less than 7% of all primary renal masses 
presenting at less than 20 years of age. Although 
Wilms tumors are 30 times more common in chil-
dren than RCC (Murphy et al. 1994), they are nearly 
equal in incidence in the second decade (Lack et 
al. 1985). The vast majority of RCC occurs in adults 
with fewer than 2% presenting in pediatric patients. 
Although RCC has been reported in infants less than 
6 months of age, the peak incidence occurs in the 
sixth decade. Patients with von Hippel-Lindau syn-
drome are at an increased risk of developing RCC, 
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in which tumors are often multiple and present at an 
earlier age. Because of this unique association, von 
Hippel-Lindau syndrome should be excluded in all 
children with RCC (Lack et al. 1985).

Clinically, the presentation is non-specific and 
the same in children as in adults. Common pre-
senting symptoms include a palpable mass, pain-
less gross hematuria, and flank pain. Hematuria 
is more common in children with RCC than those 
with Wilms tumor but is not useful in predicting the 
diagnosis or prognosis (Murphy et al. 1994).

The gross morphology of RCC is similar to that 
of Wilms tumor except that RCC tends to be smaller 
(Fig. 20.13). The normal renal architecture is usually 
distorted, a pseudocapsule is common, and there 
may be local invasion of adjacent retroperitoneal 
nodes. The origin of RCC remains unclear, but most 
authors believe that it represents an adenocarci-
noma with renal tubular differentiation. Histologi-
cally, the neoplasm forms a solid infiltrative mass 
with variable calcification, necrosis, bleeding, and 
cystic degeneration (Fig. 20.14; Leuschner et al. 
1991; Murphy et al. 1994). Metastases are identi-
fied at presentation in 20% of patients with the most 
common sites including lungs, bone, liver, and brain 
(Hartman et al. 1982b).

Because RCC may be somewhat small at presenta-
tion, it may be subtle on US. On CT and MR imaging, 
the lesion is usually easily identified as a non-spe-
cific, solid renal mass with mild contrast enhance-
ment (Fig. 20.15). The lesion is often heterogeneous 
with areas of necrosis, hemorrhage, and calcifica-
tion in 25% of cases (Lonergan et al. 1998). Renal 
cell carcinoma is treated with radical nephrectomy 
and regional lymphadenectomy. Unfortunately, the 
tumor is highly resistant to chemotherapy, making 
metastatic disease difficult to treat. The prognosis is 
mostly determined by stage at the time of presenta-
tion, with an overall survival rate of approximately 
64% (Table 20.4; Geller et al. 1997).

20.7 
Renal Medullary Carcinoma

Renal medullary carcinoma is a recently defined, 
extremely aggressive tumor occurring exclusively in 
teenagers and young adults with hemoglobin sickle 
cell (SC) disease or sickle cell trait (Davidson et al. 
1995; Eble 1998). Listed as the seventh sickle cell 
nephropathy, the tumor does not occur in homozy-
gous hemoglobin SS sickle cell disease (Davis et al. 

1995b; Wesche et al. 1998). The mean age at presen-
tation is 25 years (range 10–39 years). There is a male 
predominance (3:1) in patients under age 25 years, 
with an equal gender incidence over 25 years (Davis 
et al. 1995b). Symptoms at presentation are non-spe-
cific, including flank pain, abdominal pain, gross 
hematuria, weight loss, abdominal mass, and fever 
(Wesche et al. 1998).

Fig. 20.13. Renal cell carcinoma in a child. Gross specimen of 
clear cell type of renal cell carcinoma shows a golden color 
(arrow) due to cytoplasmic lipids. (With permission from 
Murphy et al. 1994)

Fig. 20.14. Renal cell carcinoma in a 12-year-old boy. Histolog-
ical specimen demonstrates an acinar and trabecular arrange-
ment and clear cytoplasm.
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of lymphatics in the kidney (Dyer et al. 1994). Pri-
mary lymphoma of the kidney has been reported 
only rarely and the topic remains controversial 
(Cohan et al. 1990). In children with lymphoma, 
symptoms related to the kidney usually occur late 
in the disease process and are non-specific, includ-
ing an abdominal mass, abdominal pain, anemia, 
hematuria, weight loss, and occasionally hyperten-
sion (Dyer et al. 1994; Lack et al. 1985).

Table 20.4. Renal cell carcinoma staging

Stage Description

I Mass <7.0 cm that is limited to the kidney

II Mass >7.0 cm that is limited to the kidney

III Tumor limited by Gerota’s fascia (may include inva-
sion of the ipsilateral renal vein, adrenal gland, peri-
nephric soft tissue/fat, and/or IVC thrombus)

IV Extension of tumor beyond Gerota’s fascia

Fig. 20.15. Renal cell carcinoma in a transplanted kidney in a 12-
year-old boy with suspected rejection. Axial contrast-enhanced 
CT scan shows multiple, well-defi ned foci of hypodensity within 
the left-lower-quadrant transplanted kidney.

The lesion arises from the epithelium at the renal 
pelvis–mucosa interface. Grossly, the mass fills the 
renal pelvis and invades adjacent vasculature and 
lymphatic structures (Fig. 20.16). On microscopy, 
drepanocytes (sickle cells), hemorrhagic foci, necro-
sis, stromal desmoplasia with inflammation, and 
a variable architectural pattern typify the lesion 
(Wesche et al. 1998).

Radiographically, the infiltrative, centrally 
located mass causes reniform enlargement with 
extension into the renal sinus and collecting system. 
Small satellite nodules and caliectasis (hydrone-
phrosis) are typical features (Fig. 20.17). On US and 
CT, the lesion shows heterogeneous echogenicity 
and heterogeneous enhancement. In the appropri-
ate clinical setting the differential diagnosis is lim-
ited, including transitional cell carcinoma, which 
is poorly documented in children, and rhabdoid 
tumor, which occurs in children under 3 years old 
(Davidson et al. 1995; Lowe et al. 2000).

The prognosis of renal medullary carcinoma is 
very poor, with an average survival of 15 weeks from 
the time of diagnosis (Davis et al. 1995b). The tumor 
usually presents with extensive metastatic disease, 
and there is a very poor response to radiotherapy 
and chemotherapy (Lowe et al. 2000).

20.8 
Renal Lymphoma

Renal lymphoma may be the result of direct exten-
sion from the retroperitoneum or hematogenous 
spread. Burkitt and non-Hodgkin lymphomas are 
more likely to have renal involvement in children 
(Chepuri et al. 2003). While less than 8% of patients 
with lymphoma will have their disease identified 
on CT, up to 62% have renal involvement on post-
mortem examination (Reznek et al. 1990; Sheeran 
and Sussman 1998). Primary renal lymphoma is 
disputed as an entity by most authors due to a lack 

Fig. 20.16. Renal medullary carcinoma in a 16-year-old girl. 
Cut surface of specimen demonstrates a whorled, myoma-
tous appearance with prominent medial extension and an ill-
defi ned margin (arrows). Very little normal kidney (K) remains 
visible. (With permission from Davidson et al. 1995)
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Imaging features vary extensively, including dif-
fuse infiltration, focal, or multiple masses, invasion 
from contiguous retroperitoneal lymphadenopathy, 
and infrequently, perinephric disease (Fig. 20.18; 
Hartman et al. 1982a). Multiple focal renal nodules 
that variably distort the renal capsule and collect-

ing system are the most common presenting imag-
ing characteristics (Chepuri et al. 2003). On US, 
focal renal masses due to lymphoma are typically 
hypoechoic and may have increased through-trans-
mission mimicking multiple cysts. The appearance 
on CT is non-specific. Diffuse infiltration may lead to 

Fig. 20.17a,b. Renal medullary carcinoma in a 10-year-old boy with hematuria and sickle cell trait. a Transverse US image reveals 
loss of normal renal architecture, which is replaced by a mass (arrow) causing hydronephrosis. b Axial contrast-enhanced CT scan 
shows a heterogeneous mass (arrow) infi ltrating the right kidney and adjacent retroperitoneal lymphadenopathy (arrowheads).

a

b

Fig. 20.18a-c. Lymphoma in a 16-year-old girl with fl ank 
pain. a Ultrasound image of the right kidney shows multiple, 
well-demarcated hypoechoic masses in the enlarged kidney. 
b Ultrasound image of the left kidney resembles the right 
side. c Axial contrast-enhanced CT scan confi rms bilateral 
nephromegaly with multiple hypodense renal masses.

a b

c
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reniform enlargement, retroperitoneal disease may 
cause ureteral or vascular encasement, and perineph-
ric spread may be the result of direct retroperitoneal 
extension or intraparenchymal invasion through the 
renal capsule (Chepuri et al. 2003). Focal lesions are 
generally homogeneous and hypodense both before 
and after contrast administration with some cases 
simulating the appearance of multiple renal cysts 
(Capps and Das Narla 1995). Perinephric spread 
may be identified as soft tissue nodules, focal curvilin-
ear densities, thickening of the renal capsule/Gerota’s 
fascia, or direct invasion from retroperitoneal nodes 
(Dyer et al. 1994). Perirenal lymphoma without renal 
parenchymal disease is rare, but unusual in appear-
ance on CT (Hartman et al. 1982a) where it mani-
fests as a hypodense soft tissue plaque encasing the 
kidney (Sheeran and Sussman 1998). Angiography 
is no longer performed but has been reported to show 
hypovascular foci.

Prognosis in patients with lymphoma is unrelated 
to the presence of renal involvement (Chepuri et al. 
2003).

20.9 
Leukemia

Leukemic (acute and chronic, myelogenous and lym-
phoblastic) involvement of the kidneys is common 
during the hematologically active stage of disease 
(Butani and Paulson 2003). The kidneys may act 
as a sanctuary for residual disease during remission. 
Clinically, symptoms related to renal leukemia are 
unusual but may include renal failure or hyperten-
sion. Grossly, leukemia infiltrates the kidneys caus-
ing reniform enlargement.

Imaging features are variable but may include 
unilateral or bilateral nephromegaly, hydronephro-
sis, altered architecture, abnormal echogenicity on 
US, and poor contrast excretion on CT (Butani and 
Paulson 2003).

20.10 
Neuroblastoma

Neuroblastoma is the most common tumor of early 
childhood, occurring most often in children under 
age 5 years (David et al. 1989; Kushner 2004). It 
originates from the neural crest cells and arises most 
often from the adrenal medulla but may occur any-

where along the sympathetic chain from the skull 
base to the pelvis (Mehta et al. 2003). The pre-
sentation varies, ranging from a palpable abdomi-
nal mass, to various paraneoplastic syndromes, or 
symptoms related to metastatic disease (David et 
al. 1989; Matthay et al. 2003; Mehta et al. 2003). 
The diagnosis is often made by analysis of urinary 
catecholamines, or from bone marrow aspirates 
(Kushner 2004). The kidney is most often involved 
by invasion from an adjacent adrenal primary, or 
direct extension of retroperitoneal disease.

Imaging features include a solid mass with cal-
cifications on plain radiographs and a heteroge-
neous mostly hyperechoic mass on US. Vascular 
encasement and calcification by a large, heteroge-
neously enhancing mass is seen on CT (Fig. 20.19). 
Metastatic disease is commonly detected at presen-
tation by bone marrow aspirate, bone scan, I-131 
metaiodobenzylmandelic scintigraphy (MIBG), and 
CT (Matthay et al. 2003; Mehta et al. 2003). In 
general, the prognosis is better with younger age, 
lower grade, lower stage, and n-myc amplification 
(Moore et al. 2004).

20.11 
Mesoblastic Nephroma

Mesoblastic nephroma, also referred to as fetal renal 
hamartoma or leiomyomatous hamartoma, was orig-
inally thought to represent congenital Wilms tumor 

Fig. 20.19. Neuroblastoma in a 5-year-old boy with a palpable 
mass. Axial contrast-enhanced CT scan shows a soft tissue 
mass (arrows) centered within the retroperitoneum and 
extending into the left renal sinus abutting the kidney (K).
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but is now recognized as a distinct entity. Mesoblas-
tic nephroma is by far the most common solid renal 
mass in neonates (Donaldson and Shkolnik 1988; 
Glick et al. 2004). It is slightly more common in 
boys and usually presents at under 3 months of age, 
with 90% of lesions discovered by 12 months of age 
(Glick et al. 2004; Hartman et al. 1982b; Lowe et 
al. 2000). The clinical presentation is most often a 
palpable abdominal mass or less frequently hema-
turia. Cases are increasingly detected with prenatal 
US. An association with hydrops, polyhydramnios, 
increased renin levels, and premature delivery has 
been described (Glick et al. 2004).

Pathologically, mesoblastic nephroma is believed 
to be due to early proliferation of nephrogenic mes-

enchyme. On gross pathology, the tumor is usually 
large, rubbery, infiltrative, poorly defined, and with-
out a capsule (Fig. 20.20). Histologically, the tumors 
are “monomorphic,” with infiltrating finger-like 
projections of spindled mesenchymal cells and 
embryonal metaplasia of entrapped renal tissue 
(Charles et al. 1998; Hartman et al. 1982b).

Radiological studies demonstrate a solid intra-
renal mass that often extends into the renal sinus 
and may have focal perinephric space infiltration. 
A large portion of the renal parenchyma may be 
replaced by the mass, which may be hemorrhagic, 
necrotic, or partially cystic (Fig. 20.21).

Mesoblastic nephroma is usually benign and is 
treated with nephrectomy (Julian et al. 1995). A 
wide surgical margin is necessary due to the infil-
trative nature of the lesion which may recur locally 
if incompletely resected. Occasionally, metastases 
to lung, brain, or bones are reported. It is recom-
mended that patients be followed closely for 1 year 
after surgical resection since histological charac-
teristics cannot reliably predict biological behavior 
(Charles et al. 1998; Leuschner et al. 1991). When 
mesoblastic nephroma is found and resected early 
(at <6 months of age), the prognosis is excellent 
(Lowe et al. 2000).

20.12 
Ossifying Renal Tumor of Infancy

Ossifying renal tumor of infancy (ORTI) is a 
rare, benign renal mass first described in 1980 

Fig. 20.20. Mesoblastic nephroma in an infant. Gross speci-
men shows classic whorled, myxomatous infi ltrative mass with 
poor demarcation from the normal renal parenchyma. (With 
permission from Murphy et al. 1994)

Fig. 20.21a,b. Mesoblastic nephroma in a 5-week-old infant with an in utero renal mass. a Longitudinal US image reveals a 
mixed echo texture mass (arrow) replacing most of the right kidney. b Axial contrast-enhanced CT scan reveals a hypodense, 
ill-defi ned, infi ltrative, right renal mass (arrow).

a b
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(Chatten et al. 1980). Since then, only 11 cases 
have been reported in children with an age range 
of 6 days to 14 months (Chatten et al. 1980; Glick 
et al. 2004; Sotelo-Avila et al. 1995; Vazquez et al. 
1998). ORTI is more common in boys (8 of 11), more 
common on the left side (9 of 11), and hematuria 
was the presenting symptom in 10 of 11 children. 
The upper pole calyces were involved in 7 of 11 cases 
(Sotelo-Avila et al. 1995).

ORTI is a urothelial lesion originating from the 
papillary portion of the renal pyramid. The lesion 
enlarges in a polypoid fashion, extending into the 
collecting system and usually reaching a size of no 
more than 2–3 cm.

Three basic histological components are found 
within the lesion: the osteoid core; osteoblasts; 
and spindle cells. In relatively older children, 
mature osteoid elements tend to be more promi-
nent (Fig. 20.22). It is believed by some authors 
that the osteoid elements within the lesion are the 
result of urothelial cells with osteogenic potential 
(Chatten et al. 1980; Davis et al. 1995b). Other 
investigators hypothesize that spindle cells within 
the tumor resemble intralobular nephrogenic rests, 
thus indicating a mass in the pathological spectrum 
of Wilms tumor. Despite these two theories, Wilms 
tumor has never been reported in association with 
any of these children.

Imaging studies of ORTI typically show a cal-
cified mass causing a filling defect and partial 
obstruction of the collecting system (Lowe et al. 
2000). The appearance may resemble a staghorn 
calculus, which is not a differential consideration in 
a child of this age (Vazquez et al. 1998). Calcifica-
tions are present within 9 of 11 cases of ORTI with 
only the two youngest patients having no calcifi-
cations (Sotelo-Avila et al. 1995). Specific find-
ings by modality include an echogenic shadowing 
mass with or without hydronephrosis on US, and a 
smoothly demarcated, poorly enhancing, calcified 
mass on CT (Fig. 20.23).

The prognosis of ORTI is excellent with no reports 
of metastatic disease or recurrence after surgical 
resection. Follow-up of the disease-free state has 
been documented from 4 months up to 23 years (Ito 
et al. 1998).

Fig. 20.22. Ossifying renal tumor of infancy in a child. Micro-
scopic specimen reveals an osteoid core (O) with peripheral 
tubules (T) and mesenchyme/fi brous connective tissue. (With 
permission from Lowe et al. 2000)

Fig. 20.23a,b. Ossifying renal tumor of infancy in a 2-month-old boy with an abdominal mass. a Axial unenhanced CT scan 
reveals a calcifi cation (arrow) within the left kidney. b After contrast administration, axial CT scan demonstrates a hypodense 
mass (arrow) with septations. (With permission from Lowe et al. 2000)

a b
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20.13 
Multilocular Cystic Renal Tumor

The term multilocular cystic renal tumor includes 
a group of uncommon, benign cystic renal lesions 
that are indistinguishable grossly and radiologically 
(Agrons et al. 1995; Charles et al. 1998). These 
masses range from purely cystic (cystic nephroma, 
CN), epithelial lined with fibrous septa to a mass with 
mature tubules and septa containing foci of blas-
temal cells (cystic partially differentiated nephro-
blastoma, CPDN; Ferrer and McKenna 1994; 
Shamberger 1999). Septations within the CPDN 
form the only solid portions of the tumor (Fig. 20.24). 
Cystic Wilms tumor is distinguished from CPDN by 
the presence of expansile solid masses of nephrobla-
stomatous tissue.

Two distinct peak ages of incidence occur in mul-
tilocular cystic renal tumors. The first occurs in boys 
3 months to 4 years, typically CN, and the second 
occurs in adult women, typically CPDN (Lonergan 
et al. 1998). The presentation is non-specific with a 
painless abdominal mass and occasional systemic 
symptoms (Sacher et al. 1998).

Cross-sectional imaging with US, CT, or MR imag-
ing reveals a well-defined, cystic mass with enhanc-
ing septa. The cysts range in size from a few millime-
ters up to 4 cm, and the amount of enhancing septa 
determines the degree to which the lesion may appear 
more or less solid (Fig. 20.25). A capsule may be pres-
ent and extracapsular extension may occur.

Multilocular cystic renal tumors are treated by 
complete surgical resection and have an excellent 
prognosis. Occasionally, chemotherapy or local 
radiation is required to treat tumor recurrence; 

however, there are no reports of metastatic disease 
(Gonzalez-Crussi et al. 1982).

20.14 
Angiomyolipoma

Angiomyolipoma is a benign hamartomatous neo-
plasm consisting of disordered fat, smooth muscle, 
and vascular tissue (Chung et al. 1998; Eble 1998; 
Ewalt et al. 1998). It is almost always associated 
with tuberous sclerosis in children (Eble 1998; 
Lowe et al. 2000), but overall is most often spo-
radic (Lemaitre et al. 1995). By the age of 10 years, 
80% of children with tuberous sclerosis will have 
angiomyolipomas (Chung et al. 1998). Other asso-
ciations with angiomyolipoma include neurofibro-
matosis and von Hippel-Lindau syndrome. Women 
are affected 4:1 compared with men, and the average 
age at presentation for all cases is 41 years. Angio-
myolipomas are typically multifocal, bilateral, and 
often large in size.

Lesions less than 4 cm in size are generally 
asymptomatic; however, larger lesions may pres-
ent with symptoms such as f lank pain, abdominal 
pain, hematuria, or severe hemorrhage (Ewalt 
et al. 1998; Hartman et al. 1982b). Hemorrhage 
within angiomyolipomas is believed second-
ary to bleeding aneurysms within the abundant 
abnormal, elastin-poor vascularity of the tumor 
(Eble 1998). “Wunderlich syndrome,” or severe 
retroperitoneal hemorrhage, has been described 
in larger lesions and may be life-threatening 
(Hennigar and Beckwith 1992).

Fig. 20.24a,b. Cystic nephroma in a 2-year-old boy. a Gross appearance of cystic mass with well-defi ned, smooth margins, and 
multiple septations. b Microscopic image shows fi brous tissue in the walls of the cysts without the presence of other nephro-
blastic elements.

a b
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The radiological appearance of angiomyolipoma 
varies depending on the presence or absence of tissue 
components. Ultrasound reveals hyperechoic non-
shadowing foci in fatty regions, iso- to hypoechoic 
foci in regions of soft tissue, and hypervascularity 
regions on color Doppler evaluation. The imaging 
diagnosis is often specific if fat is found in the mass 
on CT or MR imaging (Fig. 20.26). Catheter angi-
ography may show characteristic dilated tortuous 
vessels with aneurysm formation but is not gener-
ally indicated for diagnosis. It may be necessary if 
intervention is required for temporization of severe 
bleeding. The differential diagnosis of angiomyo-
lipoma includes Wilms tumor and renal cell carci-
noma, both of which may also contain fat; however, 
in the appropriate clinical setting and with typical 
imaging features, a specific diagnosis of angiomyo-
lipoma is usually not problematic. Although angio-
myolipoma is a benign lesion, it may rarely invade 
neighboring structures such as lymph nodes or the 
inferior vena cava (Lowe et al. 2000).

Because there is a high rate of angiomyolipomas 
in patients with tuberous sclerosis, screening US is 
recommended every 2–3 years before puberty and 
every year thereafter to check for growing lesions 
(Chung et al. 1998). In children with lesions larger 
than 4 cm, prophylactic partial nephrectomy, or 
selective catheter embolization may be consid-
ered to avoid potentially life-threatening bleeding 
(Hartman et al. 1982b). Unfortunately, in children 
with tuberous sclerosis there is often replacement of 

a majority of normal renal parenchyma by cysts and 
angiomyolipomas that ultimately results in end-
stage renal disease, and in these children, preserva-
tion of functional renal tissue becomes the priority.

20.15 
Metanephric Adenoma

Metanephric adenoma is also known as embryo-
nal adenoma, or nephrogenic adenofibroma (Ito et 
al. 1998; Navarro et al. 1999). It is a benign uni-
lateral mass that is more common in women and 
has been reported from age 15 months to 83 years 
(Davis et al. 1995a). Presenting features include an 
abdominal mass, hypertension, abdominal pain, 
hypercalcemia, hematoma, and polycythemia. The 
gross appearance is non-specific, and microscopi-
cally numerous psammoma bodies can be identi-
fied among spindled mesenchymal cells that sur-
round nodules of embryonal epithelium (Fig. 20.27; 
Murphy et al. 1994; Navarro et al. 1999).

Imaging features are non-specific and include a 
well-defined, solid lesion on US that is hypovascu-
lar with Doppler, with possible cystic change or a 
mural nodule (Mahoney et al. 1997). Unenhanced 
CT images reveal a hyper- or isodense mass that 
may contain small calcifications (Davis et al. 1995a; 
Navarro et al. 1999). After contrast administration 
the mass is hypodense compared with normal renal 
tissue (Fig. 20.28; Chefchaouni et al. 1996).

Because metanephric adenoma is a benign lesion 
treated with local surgical excision and normal renal 
parenchymal sparing, it is important to include it in 

Fig. 20.25. Cystic nephroma in a 2-year-old boy with an 
abdominal mass on a well-child visit to the pediatrician. Coro-
nal reconstructed contrast-enhanced CT image demonstrates 
a large septate right renal mass (arrows).

Fig. 20.26. Angiomyolipomas in a 17-year-old girl with tuber-
ous sclerosis. Axial contrast-enhanced CT scan reveals bilat-
eral heterogeneous enhancement of multiple renal masses 
containing soft tissue and fat components. Subtle, tiny periph-
eral renal cortical cysts are also noted.
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the differential diagnosis of pediatric renal masses 
(Murphy et al. 1994; Navarro et al. 1999).

20.16 
Conclusion

In conclusion, Wilms tumor is characterized by 
displacement of structures, vascular invasion, and 
bilaterality in 10% of cases. Nephrogenic rests and 
nephroblastomatosis occur most often in neonates, 
and are distinguished by multiple, bilateral, sub-
capsular masses, and associated Wilms tumors. 

Frequent skeletal metastases suggest clear cell sar-
coma and a synchronous posterior fossa mass sug-
gests rhabdoid tumor. Pediatric renal cell carcinoma 
occurs in the second decade and is associated with 
von Hippel-Lindau disease. Renal medullary carci-
noma is a highly aggressive tumor seen exclusively 
in teenagers and young adults with sickle cell trait 
or SC disease. The appearance of renal lymphoma 
is variable, but most often includes multiple homo-
geneous masses with retroperitoneal lymphadenop-
athy. Leukemic infiltration of the kidneys causes 
bilateral reniform enlargement, although the diag-
nosis is usually not a dilemma based on the clinical 
history. Neuroblastoma is distinguished by direct 

Fig. 20.28a,b. Metanephric adenoma in a 9-year-old girl with three episodes of urinary tract infection. a Longitudinal US image 
demonstrates a well-defi ned, hypoechoic mass (arrows) in the right kidney with a central focus of hyperechogenicity (arrow-
head). b Axial contrast-enhanced CT scan reveals homogeneous, mildly enhancing mass (arrow) in the right kidney. (With 
permission from Navarro et al. 1999)

a b

Fig. 20.27a,b. Metanephric adenoma in a 9-year-old girl. a Gross cut surface of mass demonstrates focus of hemorrhage with-
out necrosis. b Histological specimen shows tubular and acinar structures adjacent to normal kidney on the left. Nuclei are 
homogenous and bland without mitotic activity (hematoxylin and eosin stain; original magnifi cation, ×50). (With permission 
from Navarro et al. 1999; image courtesy of G. Taylor)

a b
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extension of a retroperitoneal mass with vascular 
encasement and often has calcifications. 

The primary differential diagnosis in a neonate 
with a solid renal mass is mesoblastic nephroma. 
Differentiation of ossifying renal tumor in infancy is 
possible by the presence of ossified elements. A large 
renal mass with multiple cysts and little solid tissue 
raises concern for multilocular cystic renal tumor. 
Angiomyolipomas contain fat and soft tissue, are 
often multiple and in children predominantly occur 
in association with tuberous sclerosis. Metanephric 
adenoma lacks specific features but is always well 
defined.
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