
G
EN

IT
O

U
R

IN
A

R
Y

 IM
A

G
IN

G
487

Infiltrative Renal Malignancies: 
Imaging Features, Prognostic Im-
plications, and Mimics

Infiltrative renal malignancies are a subset of renal masses that are 
morphologically characterized by a poorly defined interface with 
the renal parenchyma. Infiltrative renal malignancies are less com-
mon but more aggressive than more typical renal malignancies and 
carry an overall worse prognosis. Although an infiltrative renal pro-
cess often represents a malignant neoplasm, infiltrative masses in-
clude a wide spectrum of diseases including primary renal cortical, 
medullary, and pelvic tumors; lymphoproliferative processes; me-
tastases; and various infectious, inflammatory, immune-mediated, 
and vascular mimics. The imaging features of these masses are often 
nonspecific, but with the appropriate history, laboratory results, and 
clinical context, the radiologist can help narrow the diagnosis and 
guide further treatment.

An invited commentary by Lee is available online. 
Online supplemental material is available for this article.
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After completing this journal-based SA-CME 
activity, participants will be able to:

	�Describe the imaging features of infil-
trative renal masses depicted on cross-
sectional images.

	�Identify key benign and malignant re-
nal lesions that may have an infiltrative 
pattern at imaging.

	�Discuss the importance of recognizing 
the infiltrative pattern of renal masses in 
terms of prognosis and treatment.

See rsna.org/learning-center-rg.

SA-CME LEARNING OBJECTIVES

Introduction
Renal masses can be characterized as expansile or infiltrative accord-
ing to their morphologic growth pattern. Expansile masses have spher-
ical growth that displaces normal parenchyma, often causing exophytic 
bulging of the renal contour (Figs 1, 2). The expansile pattern of 
growth manifests as a well-defined circumscribed mass with margins 
that can be delineated from the adjacent normal renal parenchyma. A 
pseudocapsule can result as the growing mass compresses the sur-
rounding tissue, leading to a peripheral wall of ischemia and necrosis 
around the mass (1). The majority of renal masses, 94% in one series 
(2), demonstrate this elliptical or spherical well-encapsulated pattern 
due to expansile growth.

Much less commonly, renal masses exhibit infiltrative growth that 
involves the underlying renal architecture, with spread via interstitial 
proliferation of cells around nephrons, collecting ducts, and blood 
vessels (3). Infiltrative renal masses have a poorly defined interface 
with normal parenchyma and an irregular shape (nonspherical or 
nonelliptical) (Figs 1, 3). The infiltrative growth leads to expansion of 
the renal contour, with distinct preservation of the reniform shape. A 
mass growing by means of infiltration frequently encases the collect-
ing system and replaces the renal sinus fat. It is important to note that 
occasionally, infiltrative growth can involve only a portion of the mass 
and may even occur as a focal ill-defined tumor margin of what would 
otherwise be identified as an expansile mass (4,5).

Infiltrative growth of renal neoplasms has been identified as a 
unique feature of clinically aggressive tumor behavior that is an in-
dependent predictor of patient survival (4–6). Infiltrative renal neo-
plasms are typically large at presentation, with advanced local-regional 
spread and early metastases. Unlike the more frequently encountered 
expansile renal cell carcinomas (RCCs) that are increasingly detected 
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Figure 1.  Expansile and infiltrative renal masses. Expansile 
growth (left) manifests as a well-defined spherical mass that dis-
places the normal parenchyma and collecting system and causes 
focal bulging of the renal contour. In contrast, a renal mass with 
infiltrative growth (right) invades the normal structures using 
the underlying nephrons, collecting ducts, and blood vessels 
as a framework for tumor growth, resulting in a poorly defined 
interface between the mass and the normal parenchyma and 
preservation of the reniform shape.

clinical setting, the subspecialty of the ordering 
provider, and other factors.

Conventional gray-scale and Doppler US have 
limited sensitivity for the detection and character-
ization of renal masses but are helpful in differ-
entiating cysts from solid masses. The American 
College of Radiology (ACR) Appropriateness 
Criteria (7) do not recommend US as the initial 
imaging examination when a urinary tract mass is 
suspected in a patient who presents with hematu-
ria (with exceptions made for pregnant and pediat-
ric patients). In practice, many renal parenchymal 
masses are initially detected at US because of the 
rapid bedside availability of this modality in the 
emergency department setting, its lack of ionizing 
radiation, and the presence of patient contraindi-
cations to contrast-enhanced CT (eg, renal insuf-
ficiency, contrast material allergies) (8). Suspicious 
renal masses identified at US require additional 
imaging for characterization.

The US features of infiltrative renal masses 
include indistinctly marginated abnormal pa-
renchymal echogenicity (either hyperechoic or 
hypoechoic) with enlargement and preservation 
of the kidney’s reniform shape. While contrast-
enhanced US is currently used off label in the 
United States, it has been shown to have high 
sensitivity (100%) and specificity (95%) in the 
characterization of an indeterminate renal mass 
as benign or malignant (9). The most recent ACR 
Appropriateness Criteria (10) added contrast-
enhanced US as an appropriate initial imaging 
examination for an indeterminate renal mass, 
especially for patients in whom iodinated CT con-
trast material or gadolinium-based MRI contrast 
material is contraindicated.

incidentally and are amenable to nephron-sparing 
interventions, infiltrative tumors demonstrate 
rapid growth leading to symptomatic manifesta-
tions (abdominal pain, palpable flank mass, and 
gross hematuria) and poor clinical outcomes (4,5).

Although an infiltrative renal process at imaging 
often represents a malignant neoplasm, interstitial 
cellular infiltration is nonspecific and may occur as 
a result of other inflammatory, autoimmune, vascu-
lar, and traumatic processes (Table 1). The infiltra-
tive appearance is not specific to any single entity, 
but when this feature is considered in the context 
of other radiologic findings, patient history, and 
laboratory findings, it may help narrow the differ-
ential diagnosis and facilitate clinical management.

This review describes common and uncommon 
infiltrative renal masses through multimodality 
case examples. The clinical outcomes associated 
with infiltrative renal tumors are discussed to 
establish the prognostic value of identifying infil-
tration as a tumor feature. Emphasis is placed on 
identifying the unique clinical and imaging char-
acteristics of each entity so that radiologists are 
better able to accurately diagnose these conditions.

Imaging Techniques
The initial imaging modality chosen is often based 
on a patient’s presenting symptoms, the acuity of 
the symptoms, and laboratory findings. For exam-
ple, in the United States, a patient presenting with 
hematuria will typically undergo CT urography, 
whereas a patient with flank pain may undergo 
noncontrast CT and a patient with acute kidney 
injury may undergo renal US, depending on the 

TEACHING POINTS
	� Radiologic identification of infiltrative features is a strong dif-
ferentiator of renal tumor biology and outcomes, and these 
features should be routinely documented when present.

	� Because of their high overall frequency, RCCs with atypical 
growth patterns are one of the more frequent causes of in-
filtrative tumors and should be considered in the differential 
diagnosis of an infiltrative renal mass. In particular, the pres-
ence of an infiltrative renal mass with concomitant intravas-
cular tumor extension is highly suggestive of an atypical RCC.

	� The unique combination of clinical and imaging features (infil-
trative right renal mass, African American race, sickle cell trait, 
metastatic disease at presentation) should suggest the diag-
nosis of renal medullary carcinoma.

	� An infiltrative renal pelvic UCC should be considered when a 
central, poorly marginated mass extending into the adjacent 
parenchyma is seen at imaging, especially if an additional le-
sion is identified in the urinary tract.

	� The combination of infiltrative renal masses in the presence 
of bulky perinephric disease, widespread lymphadenopathy, 
splenomegaly, and bilateral involvement is suggestive of lym-
phoma. In many cases, patients have an established diagnosis 
of lymphoma at the time of imaging.
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Figure 3.  Imaging features of an infiltrative renal mass. Coro-
nal contrast-enhanced CT image shows a poorly defined left 
renal mass enlarging the left kidney, with preservation of the 
reniform shape (arrow).

Contrast-enhanced MRI provides sensitivity 
and specificity values similar to those seen with 
CT for evaluating indeterminate renal masses 
(11,12). Contrast-enhanced CT and MRI show 
infiltrative masses as poorly marginated areas of 
diminished enhancement as compared to nor-
mal renal parenchyma. Characteristic features of 
infiltrative masses such as extension into the renal 
sinus fat and preservation of the reniform shape 
can also be assessed with CT and MRI. Care 
must be taken to evaluate for locally advanced 
features (ie, involvement of the renal vein, adrenal 
gland, or regional lymph nodes) and to evaluate 
the remaining abdominal viscera for disease, as 
infiltrative renal masses often have early distant 
metastases or can represent metastatic disease 
from a different primary tumor.

It should be noted that infiltrative renal masses 
confined to the parenchyma are difficult to detect 
at noncontrast CT, as the reniform shape is 
preserved and the mass-parenchyma interface is 
often poorly visualized because the mass and nor-
mal parenchyma have similar attenuation. If both 
CT and MRI contrast agents are contraindicated 
and contrast-enhanced US is unavailable, MRI 
without contrast material is preferable to CT, as 

CT or MRI with and without intravenous 
contrast material is essential for the evaluation of 
indeterminate renal masses, and especially infil-
trative masses, as the presence of enhancement 
is central to diagnosing a potential neoplasm and 
defining its boundaries (10). Thin-section three-
phase CT (noncontrast and contrast-enhanced 
corticomedullary and nephrographic phases) 
is the most common imaging modality for the 
workup of an indeterminate renal mass.

Figure 2.  Imaging features of an 
expansile renal mass. Axial con-
trast-enhanced CT images show 
a spherical well-marginated mass 
with avid enhancement during 
the arterial phase (arrow in a) and 
enhancement less than the renal 
parenchyma during the excre-
tory phase (arrow in b). Exophytic 
bulging (arrowheads) beyond the 
expected normal renal contour is   
seen.

Table 1: Renal Malignancies with Infiltrative 
Growth Patterns

Renal cortical tumors
  Atypical growth pattern of clear cell, papillary, 

and chromophobe RCCs, with or without sar-
comatoid differentiation and with or without 
rhabdoid differentiation

Renal medullary tumors
  Medullary carcinoma
  Collecting duct carcinoma
Renal pelvis tumors
  UCC
  SCC
Metastases
  Bronchogenic carcinoma
  Other (eg, colorectal, gastric, and breast
    carcinomas)
Lymphoproliferative disease
  Renal lymphoma
  Renal leukemia
  Renal plasmacytoma
Mimickers of renal malignancy
  Acute pyelonephritis
  Xanthogranulomatous pyelonephritis
  Renal infarct
  IgG4–RKD

Note.—IgG4-RKD = immunoglobulin G4–related 
kidney disease, SCC = squamous cell carcinoma, 
UCC = urothelial cell carcinoma.
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Figure 4.  Graph illustrates the prognostic implications 
of infiltrative renal tumor features. Plot of cancer-specific 
mortality versus time after kidney surgery shows signifi-
cantly increased mortality for radiologically identified in-
filtrative renal masses (IRM) compared with noninfiltrative 
masses. (Reprinted, with permission, from reference 4.)

some indeterminate renal masses can be charac-
terized using noncontrast T1-, T2-, and diffusion-
weighted images (10).

Infiltrative Renal Malignancies: 
Clinical Outcomes

The ability to recognize infiltrative tumor growth 
at radiologic and histopathologic examinations 
has important prognostic implications. In 2011, 
Fukatsu et al (13) showed that the presence of 
an infiltrative growth pattern on histopathologic 
specimens of clear cell RCC is an independent 
risk factor for decreased disease-free survival and 
cancer-specific survival. In 2019, Tanaka et al (5) 
reviewed the imaging studies of 522 patients with 
locally advanced and/or aggressive histologically 
diagnosed renal tumors managed with partial or 
radical nephrectomy and found that 25% of these 
tumors exhibited infiltrative features at preopera-
tive contrast-enhanced CT or MRI. Even within 
this high-risk population, infiltrative imaging 
features were found to be independent predictors 
of cancer-specific mortality, which was four to 
five times higher than the cancer-specific mortal-
ity in patients with noninfiltrative masses (Fig 
4). An important point is that even a focal area 
of infiltration (Fig 5) on imaging studies (mani-
festing as a poorly defined interface with normal 
parenchyma) confers a significantly worse cancer-
specific mortality rate, albeit not as severe as that 
conferred by extensive infiltration.

Similarly, in 2019, Wang et al (4) conducted a 
retrospective review of 280 radiographically iden-
tified renal masses with infiltrative features and 
found that at the time of diagnosis, the masses 
were typically symptomatic (68% of cases), lo-
cally advanced (stage cT3–T4, 66% of cases), 
and disseminated (68% of cases). Oncologic out-
comes were poor, with a median time to cancer-
related death of less than 5 months. These studies 
confirm that infiltrative renal neoplasms repre-
sent a clinically aggressive subset of disease with 
more adverse oncologic outcomes. As such, the 
preoperative identification of radiologic features 
of infiltrative growth can suggest the presence of 
clinically aggressive tumors and guide surgeons 
away from attempted partial nephrectomy.

Despite the prognostic value of describing 
infiltrative features, recent data show that radiolo-
gists at both academic and community hospitals 
do not routinely mention this characteristic. In a 
multi-institutional review of reported radiologic 
details regarding potentially malignant renal 
masses, Hu et al (14) found that only 10% of 
reports distinguished circumscribed or infiltra-
tive features. In 2018, the Society for Abdomi-
nal Radiology Disease-Focused Panel on Renal 
Cell Carcinoma (15) concluded that describing 

circumscribed versus infiltrative mass margins 
is an essential radiologic reporting characteristic 
for any indeterminate renal mass. Thus, radio-
logic identification of infiltrative features is a 
strong differentiator of renal tumor biology and 
outcomes, and these features should be routinely 
documented when present.

RCC with Atypical Growth Pattern
RCC represents a group of adenocarcinomas that 
arise from the epithelium of the renal tubules and 
account for more than 85% of all renal cancers 
(1,16,17). Once considered to be a single his-
tologic entity, RCC has evolved to represent 
a catch-all term describing a heterogeneous 
group of renal epithelial tumors that continues 
to expand as novel morphologic types are rec-
ognized with advances in genomic profiling. The 
characterization of RCC is still evolving, and 
the 2016 edition of the World Health Organiza-
tion classification catalogs 14 different histologic 
subtypes. The clear cell (75%), papillary (10%), 
and chromophobe (5%) subtypes account for 
the majority of RCCs, while the remaining 10% 
consist of relatively uncommon and unclassified 
carcinomas (16,18).

Most conventional RCC subtypes (ie, clear 
cell, papillary, and chromophobe) demonstrate 
an expansile growth pattern, appearing as focal 
well-circumscribed masses, with only a small per-
centage manifesting as atypical infiltrative masses 
(Figs 6, 7). In addition to the atypical infiltrative 
growth of conventional RCCs, infiltrative growth 
often manifests in any RCC subtype with sarco-
matoid or rhabdoid features (Figs 8, 9). In the 
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current World Health Organization classification 
of RCC, sarcomatoid or rhabdoid phenotypes 
are not categorized as distinct histologic entities; 
rather, these phenotypes reflect unique patterns 
of dedifferentiation that can occur in any con-
ventional subtype. When present, these histologic 
features confer a much more aggressive growth 
pattern and an overall worse prognosis. The 
median survival times after diagnosis are 6–19 

Figure 5.  Imaging features of 
a focally infiltrative renal mass. 
Coronal (a) and sagittal (b) con-
trast-enhanced CT images show a 
partially exophytic left lower pole 
enhancing mass (thin arrows) that 
is predominantly spherical and cir-
cumscribed but has an infiltrative 
poorly defined superior margin 
that is difficult to distinguish from 
the adjacent normal renal paren-
chyma (thick arrows). Focal infiltra-
tion extends into the renal sinus (* 
in b). Histopathologic analysis re-
vealed clear cell RCC with rhabdoid 
differentiation.

Figure 6.  Atypical RCC, clear cell subtype. (a) Axial 
contrast-enhanced T1-weighted fat-suppressed MR image 
shows an expanded right kidney with a heterogeneous 
poorly defined tumor infiltrating the renal parenchyma, 
with extension into the renal sinus and renal vein (arrow). 
(b) Axial T2-weighted MR image shows heterogeneous low 
signal intensity (arrow) in the mass compared to normal 
parenchyma. (c) Axial contrast-enhanced T1-weighted fat-
suppressed MR image shows a dilated intrahepatic inferior 
vena cava containing enhancing tumor (arrow).

months for patients who have RCC with sarco-
matoid features and 8 months for those who have 
RCC with rhabdoid features (19,20). The ability 
to distinguish sarcomatoid features in an RCC 
preoperatively has important clinical significance, 
as observation, ablative therapy, and nephron-
sparing surgery are not recommended. The 
choice of systemic therapy also differs when sar-
comatoid features are present (21). Sarcomatoid 
differentiation occurs in approximately 5%–8% 
of clear cell carcinomas, 2%–9% of chromophobe 
carcinomas, and 2%–5% of papillary carcinomas 
(16). Rhabdoid features occur in 3%–7% of RCC 
cases and are most frequently associated with 
clear cell carcinoma (16). Overall, approximately 
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6% of RCCs demonstrate atypical or dedifferen-
tiated infiltrative growth (2).

The US appearance of atypical RCC in the 
absence of contrast material is variable; there-
fore, US should be followed by CT or MRI if an 
underlying mass is suspected. Compared with 
conventional RCCs, which often have a round 
encapsulated appearance with smooth margins 
and variable enhancement, atypical RCCs can 
have an infiltrative morphology of growth with 
an irregular shape and a poor interface with the 
normal parenchyma. The infiltrative pattern may 
involve the entire mass or a single area within an 
otherwise well-circumscribed mass. The infiltra-
tive growth often preserves the renal contour, 
which can be difficult to detect at noncontrast 
CT. At contrast-enhanced CT or MRI, the infil-
trative tumor may be hyperenhancing or hypoen-
hancing relative to the adjacent parenchyma, and 
restricted diffusion may be seen.

RCCs that develop sarcomatoid or rhabdoid 
differentiation are often larger and more likely to 
have extrarenal extension with irregular margins 
and distant metastasis at the time of diagnosis. 

When present, a disrupted pseudocapsule with an 
invasive margin, peritumoral neovascularity, and 
larger peritumoral vessel size are more commonly 
associated with RCCs that have sarcomatoid 
features (22,23). Because of their high overall 
frequency, RCCs with atypical growth patterns 
are one of the more frequent causes of infiltrative 
tumors and should be considered in the differen-
tial diagnosis of an infiltrative renal mass. In par-
ticular, the presence of an infiltrative renal mass 
with concomitant intravascular tumor extension 
is highly suggestive of an atypical RCC.

Renal Medullary Tumors

Renal Medullary Carcinoma
Renal medullary carcinoma is a rare and ag-
gressive tumor that arises from the renal papilla 
or calyceal epithelium of the renal medulla. It 
accounts for only 1%–2% of RCCs and is found 
almost exclusively in individuals with the sickle 
cell trait. The pathogenesis is hypothesized to be 
chronic hypoxia related to the hemoglobinopa-
thy, which leads to a proliferation of the terminal 

Figure 7.  Atypical RCC, papillary subtype. Axial (a) and sagittal (b) contrast-enhanced CT images show 
a right infiltrative renal mass (thin arrow in a) extending through the renal vein into the subdiaphrag-
matic inferior vena cava (thick arrow).

Figure 8.  RCC with sarcomatoid 
features. Axial (a) and coronal (b) 
contrast-enhanced CT images show 
an infiltrative left renal mass (thin 
arrow), with expansion through the 
cortex into the adjacent perinephric 
fat (thick arrow).
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Figure 10.  Renal medullary carcinoma in a 39-year-old African American woman with sickle cell trait and right flank pain. Axial (a) 
and coronal (b) contrast-enhanced CT images show an infiltrative right renal mass involving the medulla, with obliteration of the 
sinus fat and cortical extension (thin arrow). Retrocaval lymph node metastasis (thick arrow in a) also can be seen.

collecting ducts and papillary epithelium that 
triggers a neoplastic transformation (24). Inter-
estingly, there is no association between renal 
medullary carcinoma and sickle cell disease.

A systematic review of all reported cases of renal 
medullary carcinoma through 2013 (47 articles, 
165 cases) confirmed the presence of multiple 
characteristic features: Sixty-seven percent of af-
fected patients presented with hematuria and pain, 
71% were male, 93% were African American, and 
98% had sickle cell trait (25). The median age of 
affected patients was 21 years. The right kidney is 
preferentially affected in more than 75% of cases 
(26). Renal medullary carcinoma is almost never 
seen in patients without sickle cell trait, such that a 
tumor with similar morphology and immunophe-
notype in an individual without a hemoglobinopa-
thy should be classified histopathologically as RCC 
unclassified with medullary phenotype rather than 
as renal medullary carcinoma (27). Renal medul-
lary carcinoma is one of the most aggressive renal 
malignancies, with dismal clinical outcomes and a 
median survival of 13–17 months (25,28,29). The 

average tumor size at presentation is 6 cm, and 
most patients have metastatic disease at the time of 
presentation, most frequently involving the regional 
lymph nodes, lungs, liver, adrenal glands, or con-
tralateral kidney (25).

At imaging, renal medullary carcinoma ap-
pears as a large ill-defined, poorly circumscribed 
tumor that is predominantly centered in the renal 
medulla, with extension into the renal sinus (Fig 
10). Most tumors exhibit growth into the renal 
cortex, with perinephric and peripelvic soft tissue 
at the time of diagnosis. The medullary origin can 
be difficult to appreciate in cases of large masses. 
The tumor causes expansion of the affected 
kidney while maintaining its reniform shape. 
Hemorrhage and geographic necrosis are typi-
cally present, giving the tumor a heterogeneous 
appearance on CT images and sometimes pro-
ducing a signal void on T2-weighted MR images 
due to susceptibility artifact related to the blood 
products (30,31). The unique combination of 
clinical and imaging features (infiltrative right re-
nal mass, African American race, sickle cell trait, 

Figure 9.  RCC, clear cell subtype with sarcomatoid differentiation. Axial (a) and coronal (b) contrast-
enhanced CT images show a large infiltrative mass (thin arrow) expanding the right kidney, with exten-
sion into the renal vein and inferior vena cava (thick arrow in b).
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metastatic disease at presentation) should suggest 
the diagnosis of renal medullary carcinoma.

Collecting Duct Carcinoma
Collecting duct carcinoma, previously referred to 
as Bellini duct carcinoma, is an extremely rare ag-
gressive renal neoplasm that arises from the distal 
segment of the collecting ducts of Bellini in the 
medullary pyramids due to epithelial dysplasia. 
Collecting duct carcinoma shares many histologic 
features with renal medullary carcinoma, and 
its recognition as a distinct entity is considered 
somewhat controversial.

Collecting duct carcinoma is considered one 
of the most aggressive renal tumors, with a fatal 
clinical course. Approximately 35%–40% of 
patients have distant metastases at presentation, 
with an average survival of 11.5 months (range, 
7–17 months) (32,33). The most common sites 
of metastatic disease are the regional lymph 
nodes, lungs, and adrenal glands (34). Unlike 
the more common RCCs that are increasingly 
detected incidentally, the rapid growth of this 
carcinoma leads to a symptomatic presentation, 
with patients reporting abdominal pain, a pal-
pable flank mass, and gross hematuria. Systemic 
features of anorexia, weight loss, fatigue, and 
fever may also occur (35).

The typical imaging appearance is that of an 
infiltrative mass centered in the renal medulla, 
with extension into the renal cortex and pelvis, 
along with replacement of the renal sinus fat (Fig 
11). The tumor commonly has areas of necrosis 
and can appear multicystic related to dilated 
tubular structures. As the tumor is often large 
at presentation, with infiltration throughout the 
kidney and renal sinus, it can be difficult to as-

certain its medullary origin. In addition, although 
collecting duct carcinoma primarily demon-
strates infiltrative growth with the reniform shape 
preserved, an expansile component can occur as 
the tumor enlarges and extends beyond the renal 
capsule (23,36).

Renal Pelvic Tumors
Primary tumors of the renal pelvis and collect-
ing system account for up to 10%–15% of neo-
plasms of the upper urinary tract (37–39). Renal 
pelvic tumors develop from the mucosal surface 
epithelium (referred to as urothelium) that lines 
the renal collecting tubules, calyces, and pelvis. 
UCCs account for the vast majority of renal pelvic 
tumors in the United States, with SCCs and 
mucinous adenocarcinomas representing a small 
number of cases. UCCs and SCCs can exhibit 
infiltrative growth, especially in high-grade cases, 
manifesting as a poorly marginated mass centered 
in the renal pelvis.

Urothelial Cell Carcinoma
UCC represents 90% of all renal pelvic epithelial 
tumors. The synonymous term transitional cell 
carcinoma is used to refer to the same entity but 
was replaced with UCC in the 2016 World Health 
Organization classification of urinary system 
tumors (40). Although UCCs can arise anywhere 
along the urothelial tract, most of them (90%) 
occur in the bladder, with fewer occurring in the 
kidney (8%) and ureter or urethra (2%). UCC has 
a strong predilection for spread along the ipsilat-
eral or contralateral urinary tract; approximately 
30% of patients have multifocal disease at presen-
tation (41). The pathogenesis is thought to be due 
to intraluminal seeding and implantation, acquired 

Figure 11.  Collecting duct carcinoma in a 59-year-old man with right flank pain and hematuria.  
(a) Coronal contrast-enhanced CT image shows an infiltrative right renal mass with involvement of the 
pelvis–proximal ureter (arrow) and areas of heterogeneous low attenuation, reflecting necrosis. (b) Axial 
CT image from the same examination shows a retroperitoneal node metastasis (arrow). Figure E1 shows 
an additional lung metastasis in this patient.
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genetic carcinogenic alterations of the urothelium 
from lengthy exposure to an injurious environment 
(referred to as field cancerization), or both. Syn-
chronous UCC is reported to occur in 1%–2% of 
renal pelvic tumor cases, 2%–9% of ureteral tumor 
cases, and 2% of bladder tumor cases. Likewise, 
metachronous tumors develop within 2 years after 
surgical treatment in up to 50% of upper-tract 
UCC cases and 6% of bladder UCC cases (37). 
When UCCs recur, they are often higher-grade 
tumors and occur at a different site.

Upper-tract (kidney and ureter) UCC pre-
dominantly affects older adults between the ages 
of 60 and 70 years, with men affected two to four 
times more often than women (37,42). Cigarette 
smoking is a major risk factor, with exposure to 
other carcinogenic agents in the urine identified 
as another causative factor (38).

Most UCCs are small slow-growing tumors 
that follow a relatively benign course. However, 
approximately 15% of UCCs exhibit infiltrative 
growth; these tumors tend to behave aggressively 
and be more advanced at diagnosis. Infiltrative 
upper-tract UCCs are characterized by pelvicali-
ceal or ureteral irregularity related to thickening 
and induration of the renal pelvis and/or ure-
teral wall, with obliteration of at least a part of 
the collecting system (Figs 12, 13). The calyces 
can become dilated and focally obstructed from 
tumor invasion (oncocalyx). When the renal 
pelvis is involved, there is usually poorly margin-
ated extension into the renal parenchyma that 
preserves the renal contour (37). Invasion of the 
retroperitoneum, regional lymphadenopathy, dis-
tant metastases to the lung and bones, and rarely 
venous tumor extension may be identified.

Contrast-enhanced CT and MRI show subtle 
tumor enhancement less than that of surrounding 
renal parenchyma. The nephrographic phase is 
ideal for identifying UCC parenchymal invasion, 
manifesting tumor involvement as a focal delay in 
the nephrogram. Excretory phase images demon-
strate dilated calyces that may be unopacified be-
cause of tumor invasion. Large infiltrative UCCs 
can develop regions of necrosis, contributing to 

a more heterogeneous tumor appearance on CT 
and MR images (43). As UCC is often multifocal 
at manifestation, the entire urinary tract should 
be scrutinized for synchronous tumors if a single 
lesion is found (Fig 14). Likewise, there should be 
high suspicion for development of a metachronous 
lesion anywhere along the urinary tract at surveil-
lance imaging (Fig 15). An infiltrative renal pelvic 
UCC should be considered when a central, poorly 
marginated mass extending into the adjacent 
parenchyma is seen at imaging, especially if an ad-
ditional lesion is identified in the urinary tract.

Squamous Cell Carcinoma
SCC is the second most common malignancy of 
the renal pelvic urothelium after UCC, but this 
type of carcinoma is relatively rare, constituting 
8%–15% of renal pelvic tumors and less than 1% 
of all renal malignancies (42,44,45). There is an 
increased prevalence of SCC among patients with 
renal calculi and in countries where the parasitic 
infection schistosomiasis is endemic, as chronic 
urothelial infection and irritation lead to squamous 
metaplasia. Most patients are aged 50–60 years 
at diagnosis and present with an insidious onset 
of hematuria and flank pain. Fever and additional 
constitutional symptoms such as anorexia, weight 
loss, and fatigue may also be present (42). Re-
nal pelvic SCC is a highly aggressive tumor that 
primarily exhibits an infiltrative pattern of growth. 
SCC is usually advanced at the time of diagnosis, 
with a tendency to metastasize early to lung, liver, 
and bone (46). Consequently, the prognosis is dis-
mal, with two-thirds of patients dying at 1 year and 
an overall 5-year survival rate of 13.3% (42,45).

The imaging appearance of renal pelvic SCC 
is that of an extensive infiltrative mass with exten-
sion into the sinus fat and parenchyma. SCC has 
an increased propensity for extraluminal invasion 
beyond the involved renal pelvis, parenchyma, 
and ureter. In particular, secondary extension 
into the psoas muscle is frequently described 
(42,45). Associated renal calculi are reported 
in 47%–58% of cases of renal pelvic SCC (45). 
Marked hydronephrosis due to obstruction at the 

Figure 12.  Renal pelvic UCC 
in a 61-year-old man with pain-
less hematuria. Coronal (a) and  
axial (b) contrast-enhanced CT im-
ages show a low-attenuation infil-
trative mass centered in the right 
pelvis (arrow in a) that obliterates 
the sinus fat and extends into the 
medulla (arrow in b).
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Figure 13.  Poorly differentiated renal pelvic UCC in a 67-year-old woman with hematuria, leukocytosis, and left flank pain.  
(a, b) Axial (a) and coronal (b) noncontrast CT images show retroperitoneal lymphadenopathy (arrow in a) and an infiltrative left 
renal tumor that is discernible only because of its deformation of the inferior lower pole renal contour (arrow in b). (c, d) Subsequent 
axial (c) and coronal (d) contrast-enhanced T1-weighted MR images show a heterogeneously enhancing infiltrative left lower pole 
mass (thin arrow) extending into the perirenal space (thick arrow in c). (e) Coronal T2-weighted MR image shows the mass with a 
hypointense signal (arrow) compared with the normal parenchyma. (f, g) Axial diffusion-weighted MR image (f) and corresponding 
apparent diffusion coefficient map (g) show restricted diffusion in the areas of the left renal tumor (thin arrow) and retroperitoneal 
lymphadenopathy (thick arrow).

ureteropelvic junction is common. The presence 
of a renal calculus in conjunction with an infiltra-
tive renal mass that has a large renal sinus com-
ponent, severe hydronephrosis, and extraluminal 
extension may favor renal pelvic SCC versus 
other aggressive infiltrative renal neoplasms.

Lymphoproliferative Tumors
Lymphoproliferative disorders can affect the 
kidney and perinephric tissues, usually in the 
setting of multisystem involvement. Lymphoma, 
leukemia, and plasmacytoma can exhibit infiltra-
tive growth, commonly manifesting as multiple 
parenchymal or perinephric masses.
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Renal Lymphoma
Lymphoma encompasses a heterogeneous group 
of neoplasms characterized by the expansion of 
abnormal lymphoid cells. While this may oc-
cur in any organ, it most commonly involves the 
lymph nodes. The World Health Organization has 
classified more than 70 distinct subtypes accord-
ing to the derived cell type, but informally these 
types are broadly distinguished as Hodgkin and 
non-Hodgkin lymphomas. Although any sub-
type of lymphoma can involve the kidneys, renal 
lymphoma is most commonly seen in patients 
with non-Hodgkin lymphoma (usually B-cell or 
Burkitt lymphoma subtypes).

Because the kidneys lack any substantial lym-
phoid tissue, lymphoma rarely involves the kidneys 
as a primary process without evidence of disease 
elsewhere. Most cases of renal lymphoma occur 
in the presence of widespread nodal or extrano-
dal disease, with secondary spread to the kidney 
via hematogenous dissemination or contiguous 
extension of retroperitoneal disease. After the 
hematopoietic and reticuloendothelial organs, the 
kidneys are the next most common site affected 
by extranodal spread of lymphoma (47). Lympho-
matous spread to the kidneys is usually clinically 
silent and occurs late in the course of the disease, 
after the diagnosis has been established.

Only in rare cases is renal lymphoma the initial 
or even predominant disease manifestation (48). 
Autopsy series have reported renal involvement 
in 30%–60% of patients with lymphoma, but 
only 3%–8% of patients have detectable renal 
abnormalities at imaging during the course 
of therapy (47,49–52). This large discrepancy 
between radiologic and histopathologic detection 
rates may be at least partially attributable to the 
often asymptomatic and microscopic nature of 
renal lymphoma and the older generation of CT 
scanners used in these studies. Renal lymphoma 
is predominantly a bilateral process, found to 
involve both kidneys in nearly 75% of cases (47).

Renal lymphoma has a variety of imaging 
patterns that relate to its variable mechanisms of 
spread and growth. Malignant lymphocytes that 
reach the renal parenchyma through hematog-
enous spread proliferate within the interstitium 
and can exhibit both expansile and infiltrative 
patterns of growth. Most cases (50%–60%) form 
multiple bilateral focal masses or, less commonly 
(10%–25%), a single mass (47). The masses are 
usually circumscribed, but they may have par-
tially infiltrative margins (Fig 16). At US, lym-
phomatous masses are hypoechoic and homoge-
neous. Use of contrast material at CT is essential 
for lymphoma detection, as many of these masses 
are small with little cortical deformity. Focal lym-
phomatous deposits on CT images are homoge-
neous masses that enhance less than the normal 
renal parenchyma. Large masses tend to be more 
heterogeneous.

Alternatively, malignant lymphocytes may 
diffusely infiltrate the renal interstitium, with 
the underlying nephrons, collecting ducts, and 
blood vessels used to provide a framework for 
tumor growth (Figs 16, 17). This pattern of dif-
fuse lymphomatous infiltration (20% of cases), 
which is almost always bilateral, manifests with 
irregular tumor margins and global renal en-
largement without contour disruption (48,51). 
Extension beyond the kidney is common and 
may include invasion of the perinephric space 

Figure 14.  Synchronous upper- and lower-
tract UCCs in an 86-year-old woman with 
left flank pain that worsened over 4–6 weeks.  
(a) Axial contrast-enhanced CT image shows an 
infiltrative left renal mass (arrow) with relative 
preservation of the renal contour, obliteration 
of the sinus fat, and markedly irregular urothelial 
thickening of the renal pelvis. (b) Coronal con-
trast-enhanced CT image shows a synchronous 
mass in the urinary bladder (arrows). The axial 
contrast-enhanced CT image in Figure E2 shows 
the frondlike bladder mass extending from the 
posterior wall.
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Figure 15.  Metachronous upper- and lower-tract UCCs in an 81-year-old man with a history of bladder UCC re-
section. (a, b) Sagittal gray-scale US (a) and axial contrast-enhanced CT (b) images show an infiltrative mass (thin 
arrow) replacing the left interpolar and lower pole calyces and extending to the renal pelvis, with moderate hydro-
ureteronephrosis (thick arrow in b). Lat - Med = lateromedial. (c, d) Transverse US (c) and axial contrast-enhanced  
CT (d) images show a recurrent multilobulated mass (arrow) arising from the anterior bladder wall.

and encasement of the ureter and vascular 
pedicle. In most patients, the collecting system 
and renal vasculature remain patent; this is a 
characteristic feature of lymphoma. The US 
appearance of diffuse lymphomatous infiltra-
tion can be subtle and includes heterogeneous 
echogenicity of the parenchyma in an enlarged 
kidney, with loss of the normal echogenic renal 
sinus fat. Bilateral nephromegaly may be the 
only detectable feature at noncontrast CT. Con-
trast enhancement will demonstrate replacement 
of the parenchyma by a confluent poorly mar-
ginated hypoenhancing mass, with loss of the 
normal corticomedullary differentiation.

Direct renal invasion from contiguous retro-
peritoneal disease is another common (25%–30% 
of cases) pattern of lymphomatous spread (Fig 
18). Affected patients usually have widespread 
disease with bulky tumors. At imaging, large 
retroperitoneal disease can be seen infiltrating the 
kidneys and perinephric space. The renal sinus 
fat is invaded, with encasement of the collecting 
system and renal vessels.

Renal lymphoma has multiple imaging ap-
pearances related to its variable growth pattern 
(infiltrative or expansile), mechanism of spread 

Figure 16.  Renal lymphoma, diffusely infiltrative and mul-
tinodular. Coronal contrast-enhanced CT image shows a 
diffusely infiltrative mass (thick arrow) in the left kidney and 
multifocal nodular masses (thin arrows) with partially infil-
trative margins in the right kidney.



RG  •  Volume 41  Number 2	 Sweet et al  499

(hematogenous or direct extension), and extent 
of perinephric invasion. The combination of 
infiltrative renal masses in the presence of bulky 
perinephric disease, widespread lymphadenopa-
thy, splenomegaly, and bilateral involvement is 
suggestive of lymphoma. In many cases, patients 
have an established diagnosis of lymphoma at the 
time of imaging.

Renal Leukemia
Leukemia represents a diverse group of malig-
nant hematopoietic precursor cells that originate 
in and infiltrate the bone marrow. The classifica-

Figure 17.  Aggressive diffuse 
large B-cell lymphoma in an 
83-year-old woman with acute 
kidney injury. (a) Initial sagittal US 
image shows a hypoechoic mass 
(arrows) infiltrating the left kidney. 
(b) Subsequent coronal contrast-
enhanced CT image shows an in-
filtrative soft-tissue mass (arrow) 
replacing most of the renal paren-
chyma and invading the perineph-
ric space.

Figure 18.  Direct renal invasion by contiguous retroperito-
neal lymphoma. (a) Axial contrast-enhanced CT image shows 
retroperitoneal infiltrative soft tissue (arrow), indicating conflu-
ent lymphadenopathy. (b) Follow-up axial contrast-enhanced 
CT image shows interval extension of retroperitoneal dis-
ease into the left renal sinus and renal parenchyma (arrows).  
(c) Additional follow-up axial contrast-enhanced CT image 
shows that new multifocal infiltrative lymphomatous involve-
ment of the right kidney (arrow) also is present.

tion of leukemia is based on the clonal expansion 
of either immature lymphoblasts (acute leuke-
mia) or mature lymphocytes (chronic leukemia), 
which are further subdivided according to their 
cell lineage. Although most cases occur in adults, 
leukemia is the most common pediatric malig-
nancy, with acute lymphocytic leukemia con-
stituting approximately 75% of childhood cases 
(53). Leukemia is not limited to the peripheral 
blood and hematopoietic organs (spleen, liver, 
and lymph nodes), as autopsy series have identi-
fied infiltration of the kidneys in 60%–90% of 
cases (54,55). Despite the high prevalence of 
renal involvement at autopsy, only up to 5% of 
patients have identifiable leukemic renal disease 
at imaging; this is an even greater discrepancy 
than that found with renal lymphoma (56). 
However, accurate radiologic assessment of renal 
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Figure 19.  Renal involvement in a 31-year-old man with acute lymphoblastic leukemia. Coronal contrast-enhanced CT images 
obtained at different levels show mild nephromegaly with multifocal bilateral low-attenuation leukemic nodules (arrows). CT also 
depicted splenomegaly (Fig E3) in this patient.

leukemia is limited, as cross-sectional imaging is 
not routinely performed and renal involvement is 
usually asymptomatic.

Leukemic involvement of the kidney most com-
monly manifests as nephromegaly from diffuse or 
focal infiltration of leukemic cells. This is usually a 
bilateral and relatively symmetric process, al-
though unilateral and bilateral asymmetric infiltra-
tion can occur. At CT, diffuse infiltration manifests 
as a markedly enlarged kidney with homogeneous 
low attenuation and loss of normal corticomedul-
lary differentiation. More focal leukemic deposits 
appear on CT images as rounded low-attenuation 
masses (single or multiple) or wedge-shaped and 
geographic ill-defined regions of low attenua-
tion, enhancing less than the surrounding normal 
parenchyma after contrast material administration 
(Fig 19). On US images, the kidneys are enlarged, 
with diffuse or multifocal regions of decreased 
parenchymal echogenicity (56–58).

Renal Plasmacytoma
Neoplastic proliferation of plasma cells occurs pri-
marily in bone marrow as either multiple tumors 
(multiple myeloma) or a solitary tumor (solitary 
bone plasmacytoma). Plasma cell tumors that 
occur outside of the bone marrow (extramedul-
lary plasmacytomas) are rare, accounting for only 
3%–7% of all plasma cell tumors. Patients diag-
nosed with this condition are usually aged 50–70 
years, and the incidence is three times higher 
in men. The upper respiratory tract is the most 
frequent (in up to 85% of cases) extramedullary 
tumor location, but tumors can occur in almost 
any organ (59–61). Rarely, extramedullary plasma-
cytomas can involve the kidney, appearing as an 
infiltrative mass that extends into the perirenal fat. 
The diagnosis of plasmacytoma is contingent on 
establishing a monoclonal plasma cell tumor in an 
extramedullary site and without multiple myeloma 
identified on imaging, blood, or urine studies (eg, 

presence of anemia, hypercalcemia, renal insuf-
ficiency, and Bence Jones protein in the urine). 
Imaging and clinical features cannot reliably 
distinguish an extramedullary plasmacytoma from 
other infiltrative renal masses; pathologic diagnosis 
is generally necessary (59–61).

Renal Metastases
In autopsy series (62,63), the incidence of me-
tastasis to the kidney has ranged from 7% to 
13%. With advances in oncologic care leading to 
prolonged patient survival and with increasing 
use of surveillance cross-sectional imaging, renal 
metastases are now frequently detected in living 
patients, whereas historically they were typically 
identified postmortem (64). However, the preva-
lence of kidney metastasis detected at imaging 
in living patients has been observed to be closer 
to 1% (65). Lung cancer is the most common 
primary malignancy to metastasize to the kidneys, 
accounting for up to 44% of metastases (Fig 20), 
followed by colorectal, stomach, and breast ma-
lignancies (Fig 21) (62–64,66). Metastases from 
other primary tumors are much less common (Fig 
22). The diagnosis of metastasis to the kidney in 
patients without evidence of a widespread nonre-
nal malignancy is rare; a focal renal mass is more 
likely to represent a primary renal tumor (67).

Renal metastases have a wide spectrum of 
imaging characteristics that largely depend on the 
site of the primary tumor. Most metastases form 
multifocal small round discrete masses, although 
infiltrative growth with irregular margins has been 
reported in up to 28% of cases (68,69). Mul-
tifocal bilateral masses are more common than 
unilateral solitary and bilateral solitary masses. 
They are often homogeneous and hypoenhanc-
ing relative to the normal renal parenchyma on 
contrast-enhanced images, but heterogeneous 
features, including areas of cystic necrosis, hemor-
rhage, calcification, and hypervascularity, have 
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Figure 22.  Renal metastases in a 55-year-old man with papillary thyroid carcinoma, hematuria, and left flank pain.  
(a) On an axial noncontrast CT image of the left kidney (arrow), no renal metastasis is detectable. (b–d) Follow-up  
axial (b) and coronal (c) contrast-enhanced CT images and contrast-enhanced T1-weighted MR image (d) show an 
infiltrative heterogeneously enhancing left renal metastasis (thin arrow) with renal sinus invasion (thick arrow in c). 
Figure E6 shows additional enhancing liver metastases in this patient.

Figure 21.  Renal metastases in a 64-year-old woman with left breast cancer. Axial contrast-enhanced CT images show 
bilateral infiltrative renal metastases involving the right anterior interpolar region (arrow in a) and left lower pole (arrow 
in b). The CT images in Figure E5 show lung and liver metastases in this patient.

Figure 20.  Renal metastases in a 75-year-old man with non–small cell lung cancer. Axial contrast-enhanced CT images show devel-
oping infiltrative left upper and lower pole renal metastases (arrow) and necrotic left adrenal metastasis (* in a). Additional images 
obtained in this patient (Fig E4) show the non–small cell lung cancer, as well as ring-enhancing brain metastases.
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been described. Invasion of the renal vein and 
inferior vena cava is uncommon (68,69). Larger 
masses often infiltrate the perinephric space; this 
occurrence is associated with primary lung and 
melanoma tumors (68–70). Large and exophytic 
renal metastases, usually an uncommon appear-
ance for metastases, are characteristic of primary 
colon cancer (69).

Given the relatively low frequency of primary 
infiltrative renal neoplasms, an infiltrative renal 
mass in a patient with disseminated nonrenal 
malignancy most likely represents metastatic 
disease. However, a definitive diagnosis requires 
tissue sampling.

Infiltrative Mimics of Malignancy
An infiltrative pattern at imaging typically im-
plies the presence of an aggressive malignancy. 
However, there are inflammatory, autoimmune, 
vascular, and other nonmalignant processes with 
patterns that may mimic the pattern of an infil-
trative tumor.

Acute Bacterial Pyelonephritis
Pyelonephritis manifests in many forms, includ-
ing acute and bacterial, or chronic and xantho-
granulomatous. Urinary tract infections typically 
begin in the bladder and involve the kidneys by 
way of direct extension or, much less commonly, 
hematogenous spread. Involvement of the renal 
parenchyma causes a tubulointerstitial inflamma-
tory reaction that results in the imaging appear-
ance of pyelonephritis (71). Acute bacterial py-
elonephritis, which occurs up to twice as often in 
women, is most commonly caused by Escherichia 
coli and is typically accompanied by the clini-
cal symptoms of flank pain and fever, and lower 
urinary tract symptoms such as dysuria (72).

The diagnosis of bacterial pyelonephritis is 
confirmed with urinalysis and/or urine culture, 
and the infection is treated with antibiotics. As 
such, imaging typically does not have a role in the 
diagnosis of uncomplicated urinary tract infec-
tions and should instead be reserved for cases 
with an unclear clinical picture or for patients 
with diabetes, infections that do not respond to 
antibiotics, suspected anatomic abnormality, or 
suspected complications such as abscess.

Initial imaging for acute bacterial pyelo-
nephritis often begins with US, although the 
sensitivity of this modality is low. Gray-scale US 
typically depicts acute pyelonephritis as focal 
wedge-shaped areas of increased or decreased 
echogenicity with poor corticomedullary differen-
tiation. On color and power Doppler US images, 
there may be corresponding areas of decreased 
vascularity. In addition, nephric or perinephric 
edema may be present, or a perinephric abscess 

may be detected in complicated cases. The sensi-
tivity of gray-scale US for the detection of acute 
pyelonephritis ranges from 11% to 40%, which 
improves to 63% with the use of Doppler imag-
ing (73). Negative results at conventional US 
do not preclude the diagnosis of acute pyelo-
nephritis. Contrast-enhanced US offers greater 
sensitivity for acute pyelonephritis owing to the 
improved detection of parenchymal hypoperfu-
sion that occurs as a result of the focal vasocon-
striction and vascular compression caused by the 
inflammation (73). However, no specific recom-
mendations regarding contrast-enhanced US for 
imaging of acute pyelonephritis are provided in 
the 2018 American College of Radiology Ap-
propriateness Criteria, as further study of this 
modality for this purpose is needed (74).

Contrast-enhanced CT is the imaging modal-
ity of choice for the evaluation of pyelonephritis, 
as it has higher sensitivity (87%) for the detection 
of pyelonephritis and other urinary tract abnor-
malities such as nephrolithiasis, hydronephrosis, 
and perinephric abscess (75). Portal venous phase 
CT images may show a wedge-shaped pattern of 
infiltration, manifesting as parenchymal hypoper-
fusion or a striated nephrogram appearance (Fig 
23). MRI, which is most commonly used only in 
special populations such as children and pregnant 
patients, also may show wedge-shaped or striated 
nephrogram patterns of parenchymal hypoen-
hancement. Markedly restricted diffusion and 
T2-weighted hyperintensity may be seen in the 
affected areas. Although the findings of pyelone-
phritis are usually unilateral, they can be bilateral. 
Imaging-depicted abnormalities resolve within 
1–5 months after appropriate antibiotic treatment, 
which can help distinguish cases where an infiltra-
tive malignant mass is under consideration (76).

Xanthogranulomatous Pyelonephritis
Xanthogranulomatous pyelonephritis (XGP) is a 
chronic destructive granulomatous process that 
results from chronic or recurrent urinary tract 
infection, most commonly with Proteus mirabilis 
or E coli bacteria. XGP is uncommon, accounting 
for approximately 0.6% of histologically docu-
mented cases of pyelonephritis (77). This condi-
tion is more common in women and typically 
manifests as fever, flank or abdominal pain, and a 
palpable mass (77). XGP is an important diagno-
sis to recognize, as a delayed diagnosis can lead 
to complete destruction of the kidney and injury 
to adjacent organs and viscera, such as involve-
ment of the psoas muscle or development of a 
gastrointestinal fistula. The treatment of XGP is 
nephrectomy, with conservative nephron-sparing 
approaches appropriate only in cases with focal 
involvement.
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Figure 23.  Pyelonephritis in a 36-year-old woman with intermittent fevers and weight loss. (a) Axial contrast-enhanced CT im-
age shows a poorly marginated wedge-shaped area of heterogeneously decreased enhancement (arrow) in the left upper pole.  
(b–d) Axial contrast-enhanced T1-weighted MR image obtained the following day (b) shows similar areas of decreased enhancement 
(arrows in b), compared with the normal parenchyma in the left upper pole, with increased signal intensity (arrows in c) on the axial 
diffusion-weighted MR image (c) and decreased signal intensity (arrows in d) on the corresponding apparent diffusion coefficient 
map (d), indicating restricted diffusion. Biopsy was planned for 1 month later to rule out infiltrative renal tumor but was canceled 
after intraprocedural contrast-enhanced CT (with the patient in the prone position) (e) revealed an interval decrease in geographic 
hypoenhancement (arrow in e), indicating a resolving infectious-inflammatory process. (f) Follow-up axial contrast-enhanced fat-
suppressed T1-weighted MR image shows expected continued improved parenchymal hypoenhancement (arrow), consistent with 
resolving pyelonephritis.

At imaging, XGP is characterized by reniform 
enlargement of the kidney, with poorly margin-
ated parenchymal abnormalities that correspond 
to areas of inflammation that may extend into 
the perinephric spaces (Fig 24). This ill-defined 
infiltrative pattern can be mistaken for infiltra-
tive malignancy, especially in cases of focal XGP. 
There is typically marked dilatation of the calyces 
and cortical thinning with central obstructing cal-

culi, often with staghorn morphology. The major-
ity of cases (73%–100%) have an associated renal 
calculus (either calyceal or staghorn) (77,78). In 
one study (77), the classic “bear paw” appearance 
was present in only 23% of cases.

Renal Infarct
Renal infarcts can arise from a number of 
processes such as thromboembolism, vasculitis, 
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and trauma, but most of them commonly oc-
cur secondary to cardiovascular disease (79). 
The imaging appearance of an infarct depends 
on the territories of vascular compromise and 
extent of associated parenchymal involvement. 
For example, thrombosis of a small vessel may 
cause a segmental infarct and resultant focal 
wedge-shaped areas of apparent infiltration sec-
ondary to hypoperfusion (Fig 25). On the other 
hand, occlusion of the renal artery will cause a 
global insult. Such an infarct may appear as an 
enlarged kidney with preserved reniform shape. 
The renal parenchyma will appear diffusely 

infiltrated and hypoenhancing, with preserved 
enhancement in a subcapsular rim owing to per-
fusion from capsular arteries that arise as early 
branches from the renal artery (cortical rim 
sign) (80). When present, this unique feature 
can be useful in distinguishing infarct from py-
elonephritis. At follow-up imaging, the infarcted 
segments will often demonstrate parenchymal 
volume loss and persistent hypoenhancement.

IgG4–related Kidney Disease
Immunoglobulin G4 (IgG4)–related disease is an 
immune-mediated systemic disease that can af-

Figure 24.  Xanthogranulomatous pyelonephritis confirmed after nephrectomy in a 44-year-
old woman. Axial (a) and coronal (b) contrast-enhanced CT images show a large centrally 
located calculus (thin arrow) and thinned parenchyma, with a bear paw appearance of radi-
ally arrayed dilated calyces and extensive ill-defined infiltrative soft tissue (thick arrows) in the 
perinephric space.

Figure 25.  Renal infarct in a 67-year-old man with atrial fibrillation who was evaluated for 
acute cardioembolic stroke. (a) Axial contrast-enhanced CT image of the right kidney shows 
a large wedge-shaped area of parenchymal nonenhancement (thin arrow) that appears mildly 
expanded secondary to a renal artery thrombus (thick arrow). (b) Follow-up axial contrast-en-
hanced CT image obtained several years later shows evolution of the infarct, with parenchymal 
atrophy and contour deformity.
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fect nearly every organ. The pancreas is the most 
common organ to be affected, and up to 35% of 
patients who develop autoimmune pancreatitis 
have renal involvement, referred to as IgG4-
related kidney disease (IgG4-RKD) (81). Isolated 
IgG4-RKD without other organ involvement 
is rare. The most common histologic features 
of IgG4-RKD are tubulointerstitial nephritis 
with lymphoplasmacytic infiltration, increased 
IgG4-positive plasma cells, and fibrosis. IgG4-
RKD usually responds well to steroids, but if not 
treated, it can progress to irreversible renal failure.

There are several imaging patterns of IgG4-
RKD parenchymal involvement, including a sin-
gle nodule, multiple nodules, and diffuse patchy 
infiltrative lesions (Fig 26) (81). The nodules 
are rounded or wedge shaped and can have ill-
defined margins. The most common appearance 
is that of multiple small nodules in both kidneys, 
predominantly in the renal cortex. Renal lesions 
in IgG4-RKD usually are not visible on non-
contrast CT images. On contrast-enhanced CT 
images, the renal parenchymal lesions have low 
attenuation relative to the normal parenchyma. 
At MRI, the lesions are often hypointense on 
T2-weighted images and isointense on noncon-
trast T1-weighted images and demonstrate mild 
progressive enhancement on contrast-enhanced 

T1-weighted images. Diffusion-weighted MR 
images show a hyperintense signal with hypoin-
tensity on the corresponding apparent diffusion 
coefficient map, which has been reported as 
useful for the detection of IgG4-RKD (82). The 
renal lesions typically resolve after the initiation 
of treatment, although regions of scarlike focal 
cortical atrophy can occur (83). The radiologic 
differentiation of IgG4-RKD from lymphoma, 
metastases, pyelonephritis, infarct, or primary 
renal tumor can be difficult, and the presence of 
concomitant pancreatic or biliary involvement 
(the most commonly involved organs) can help 
suggest the diagnosis of IgG4-RKD.

Conclusion
Infiltrative renal malignancies are a diverse 
subset of renal lesions characterized by an 
ill-defined margin between the mass and the 
normal renal parenchyma. Infiltrative renal ma-
lignancies are often more aggressive and confer 
a worse prognosis compared with more well-
defined neoplasms such as conventional RCC 
(Table 2). However, other causes such as infec-
tious, vascular, and autoimmune processes also 
can have an infiltrative appearance at imaging 
(Table 3). As such, it is important to correlate 
imaging findings with the patient history and 

Figure 26.  IgG4-RKD in a 56-year-old man with autoimmune pancreatitis and sclerosing cholangitis. (a) Coronal 
contrast-enhanced CT image shows multiple regions of patchy infiltrative low-attenuation lesions (arrows) in both kid-
neys. (b) Coronal T2-weighted MR image shows low signal intensity (arrows) in the regions of parenchymal infiltration. 
(c) Coronal contrast-enhanced posttreatment CT image shows resolution of the parenchymal lesions, with multifocal 
scarring (arrows).
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corresponding laboratory results. The radiolo-
gist should carefully consider these mimicking 
processes while evaluating the kidney, as they 
can easily be mistaken for infiltrative masses, 
resulting in the patient undergoing unnecessary 
surgery.
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Table 3: Distinguishing Features of Processes That Mimic Infiltrative Renal Malignancy
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