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Abstract
Background: Focal lesions of the kidney comprise a spectrum of entities that can be broadly classified as
malignant tumors, benign tumors, and non-neoplastic lesions. Malignant tumors include renal cell carcinoma
subtypes, urothelial carcinoma, lymphoma, post-transplant lymphoproliferative disease, metastases to the kidney,
and rare malignant lesions. Benign tumors include angiomyolipoma (fat-rich and fat-poor) and oncocytoma. Nonneoplastic lesions include infective, inflammatory, and vascular entities. Anatomical variants can also mimic focal
masses.
Main body of the abstract: A range of imaging modalities are available to facilitate characterization; ultrasound
(US), contrast-enhanced ultrasound (CEUS), computed tomography (CT), magnetic resonance (MR) imaging, and
positron emission tomography (PET), each with their own strengths and limitations. Renal lesions are being
detected with increasing frequency due to escalating imaging volumes. Accurate diagnosis is central to guiding
clinical management and determining prognosis. Certain lesions require intervention, whereas others may be
managed conservatively or deemed clinically insignificant. Challenging cases often benefit from a multimodality
imaging approach combining the morphology, enhancement and metabolic features.
Short conclusion: Knowledge of the relevant clinical details and key imaging features is crucial for accurate
characterization and differentiation of renal lesions.
Keywords: Renal cell carcinoma, Lymphoma, Post-transplant lymphoproliferative disease, Renal metastases,
Angiomyolipoma, Oncocytoma

Background
Focal lesions of the kidney, broadly classified as malignant tumors, benign tumors, and non-neoplastic lesions,
are being detected with increasing frequency due to escalating imaging volumes. It is incumbent upon radiologists to be familiar with the imaging appearances of
these lesions and the appropriate differential diagnoses.
Accurate characterization is integral to guiding clinical
management and determining prognosis. Some lesions
require surgery, whereas others may be managed without intervention and followed up on imaging or classified as clinically insignificant. Utilizing a multimodality
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imaging approach, ultrasound (US), contrast-enhanced
ultrasound (CEUS), computed tomography (CT), magnetic resonance (MR) imaging, and positron emission
tomography (PET), renal lesions can be characterized on
the basis of morphology, enhancement, and metabolic
features. In this article, we review focal renal lesions in
terms of characteristic imaging features that facilitate a
confident diagnosis and highlight potential pitfalls that
may lead to diagnostic errors.

Malignant tumors
Renal cell carcinoma

Renal cell carcinoma (RCC) is the most common adult
epithelial cancer representing 90% of renal tumors [1].
RCC accounts for 4% of all new cancer cases and its incidence is increasing by 1–2% per annum. This is
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attributed to an increase in the volume of imaging studies performed [2, 3]. RCC has a median age at diagnosis
of 64 years and a male predilection. Several genetic conditions are associated with the development of RCCs,
with von Hippel-Lindau disease the most prevalent. Environmental risk factors include smoking and obesity.
RCC is classically described as presenting with the triad
of flank pain, hematuria, and a flank mass; however, this
only occurs in 5–10% of cases [2, 4]. A substantial proportion of RCCs are discovered incidentally [5].
The World Health Organization (WHO) classification
of tumors of the kidney describes multiple subtypes or
RCC [6]. RCC has three main histological subtypes; clear
cell, papillary, and chromophobe. Rare RCC subtypes include collecting duct and medullary carcinomas which
comprise < 1% of all renal tumors. The subtypes have
separate cytogenetic and immunohistochemical profiles
with varying prognosis and response to treatment. Characterizing the RCC subtype on imaging has implications
for clinical management [1, 6, 7].
RCC is typically staged using the TMN system
(Tables 1 and 2) [8].

Clear cell RCC

Clear cell tumor is the most common subtype accounting for 70% of RCCs [5]. This subtype has the greatest
propensity to metastasize and the poorest prognosis with
a 5-year survival of 44–69% [5]. At gross pathology, clear
cell RCC has a characteristic golden yellow color due to
an abundance of lipid-rich cells [1].
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Table 2 Staging groups for RCCs [8]
Stage

T

M

N

I

T1

N0

M0

II

T2

N0

M0

III

T3

N0

M0

T1, T2 or T3

N1

M0

IV

T4

Any N

M0

Any T

Any N

M1

Papillary RCC

Papillary tumors account for 10–15% of RCCs [5]. They
are multifocal in 23% of cases and have a lower incidence
of metastases and a more favorable prognosis with a 5year survival of 82–92% [9]. Papillary RCCs are pathologically divided into two groups; type 1 tumors have a
single layer of small cells with a scanty cytoplasm and tend
to have a lower Fuhrman grade. Type 2 tumors have large
eosinophilic cells with pleomorphic nuclei and have a
higher Fuhrman grade and a poorer prognosis [7].
Chromophobe RCC

Chromophobe tumors comprise 5% of RCCs. They also
have a more favorable outcome with a 5-year survival of
78–92% [9]. Macroscopically, they are solid wellcircumscribed tumors with a light brown color. Histological characteristics include large polygonal cells with
prominent cell membranes [9].
Imaging of RCC The imaging features of RCC encompass a wide spectrum from small indolent lesions to

Table 1 TMN staging for RCC [8]
TMN stage

Disease extent

T1

Tumor ≤ 7 cm and confined to the kidney
• T1a
• T1b

T2

• Tumor ≤ 4 cm
• Tumor > 4 cm but ≤ 7 cm
Tumor > 7 cm and confined to the kidney

• T2a

• Tumor > 7 cm but ≤ 10 cm

• T2b

• Tumor > 10 cm but confined to the kidney

T3

Tumor extension into major veins or perinephric tissues but not into ipsilateral adrenal gland or beyond Gerota’s fascia
• T3a

• Tumor grossly extends into the renal vein or its segmental (muscle containing) or tumor invades perirenal and/or
renal sinus fat but not beyond Gerota’s fascia

• T3b

• Tumor grossly extends into the vena cava below the diaphragm

• T3c

• Tumor grossly extends into the vena cava above the diaphragm or invades the wall of the vena cava

T4

Tumor invades ipsilateral adrenal gland or extends through Gerota’s fascia

N0

No regional lymph node metastases

N1

Metastases to regional lymph nodes

M0

No distant metastases

M1

Distant metastases
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large infiltrative masses with distant spread. Several
overlapping features occur with a varying frequency between subtypes including intralesional calcification,
intralesional microscopic fat, bilaterality, and multifocality [9]. However, certain imaging features can assist in
subtyping the lesions.
Clear cell RCCs often have a heterogeneous appearance on imaging due to necrotic, hemorrhagic, and cystic contents (Fig. 1). Doppler ultrasound shows internal
vascularity while the solid component of the RCC is
hypervascular on CT and MRI in the corticomedullary
phase. In the nephrographic phase, the tumor demonstrates wash out, enhancing less than the adjacent renal
parenchyma [10]. A large mass, retroperitoneal vascular
collaterals, and renal vein thrombus (Fig. 2) suggest a
high-grade tumor [7]. On MRI, clear cell RCCs demonstrate low T1 signal intensity, heterogeneous high T2
signal intensity, and are hypervascular on the corticomedullary phase. Intralesional microscopic fat may be demonstrated on chemical shift T1-weighted imaging in 60%
of clear cell RCCs [7]. The presence of macroscopic fat
is very rare and tends only to occur with areas of calcification (Fig. 3) [11].
Papillary RCCs are typically small (< 3 cm) peripheral
lesions that are well circumscribed and homogenous.
They are usually hypovascular relative to normal renal
parenchyma on the corticomedullary phase of contrastenhanced CT or MRI (Fig. 4) [5, 7]. Multi-phase CT can
frequently demonstrate indeterminate enhancement (an
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increase of attenuation between 10 and 20 HU); further assessment with MRI or contrast-enhanced ultrasound (CEUS) is required in such instances [12].
CEUS uses gas microbubbles as a contrast medium
and can demonstrate enhancement in lesions which
were equivocal on CT [13].
Larger tumors (> 4 cm) can have a heterogeneous appearance due to necrosis, hemorrhage, or calcification
(Fig. 5). This subtype is the most likely to be bilateral
and/or multifocal. A key imaging characteristic of papillary RCC on MRI is that the tumor shows low T2 signal
intensity. This MRI feature is not specific as it can also
be seen in fat poor angiomyolipoma (AML). Papillary
RCCs rarely contain fat. They can demonstrate areas of
signal loss on in phase T1 images relative to out of phase
T1 images due to hemosiderin content. The cystic variety can display papillary projections with internal blood
products [7].
Chromophobe RCCs often appear as large, wellcircumscribed homogeneous lesions [5]. Perinephric and
vascular infiltration are rare. Contrast-enhanced CT and
MR display relatively uniform enhancement in chromophobe RCCs although, in 30–40% of cases, a central stellate scar and spoke-wheel enhancement may be
visualized (Fig. 6) [7, 14]. This appearance has also been
reported in oncocytoma [9].
The role of PET-CT in primary RCC evaluation is
limited as physiological tracer excretion by the kidney can mask the tumor. PET-CT has a more

Fig. 1 Pathologically proved clear cell RCC in a 69-year-old man. a Transverse greyscale ultrasound image shows a right renal tumor with cystic
and solid components (arrow). b Axial post contrast corticomedullary phase CT image shows the tumor is predominantly cystic (arrow) with
internal septations and soft tissue (dashed arrow) which enhances similar to adjacent renal cortex. c Axial T2-weighted MR image shows the
cystic (arrow) and heterogeneous solid (dashed arrow) components of the tumor. d Axial post contrast corticomedullary phase T1-weighted MR
image shows tumoral enhancement of the solid component (dashed arrow) similar to the adjacent renal cortex
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Fig. 2 A 77-year-old female presented with anemia secondary to an aggressive clear cell RCC. a Axial post contrast corticomedullary phase CT
image shows a heterogeneous left renal tumor with increased vascularity (black arrow), invasion of the left renal vein (dashed arrow) and
perinephric tumor deposits (white arrow). b Coronal post contrast nephrographic phase CT image shows tumor invasion of the collecting system
(white arrow)

established role in re-staging advanced or recurrent
RCC [9]. An emerging technique in nuclear medicine
is single-photon emission computed tomography-CT
(SPECT-CT) using indium-111-labelled-girentuximab.
This isotope tracer recognises carbonic anhydrase
IX, a specific antibody occurring in 94% of clear cell
RCCs [15].
The principal differential diagnoses include AML,
urothelial carcinoma (UC), oncocytoma, and lymphoma. Biopsy should be considered in instances where
imaging findings are indeterminate. A biopsy can also
confirm diagnosis prior to ablation and determine
tumor histological grade and assist in prognostic assessment [16].

Fig. 3 Pathologically proven RCC containing calcification and
macroscopic fat in an asymptomatic 73-year-old man. Axial
unenhanced CT shows a left renal tumor containing several foci of
calcification (dashed arrow) and a focus of macroscopic fat (arrow)

Pelvicalyceal urothelial carcinoma

Upper urinary tract UC comprises 5–10% of all urothelial tumors. Specifically, UC of the renal pelvis is estimated to represent around 15% of all renal tumors.
Concurrent bladder UC occurs in 17% of cases of upper
tract UC. Most upper tract UCs are superficial lowgrade tumors with around 15% demonstrating infiltrative
behavior [17]. Aggressive tumors can invade into the
renal parenchyma without distorting the contour of the
kidney. UC tends not to invade the renal veins or inferior vena cava. The incidence of upper tract UC peaks in
the 7th decade and is three times more common in
males than females. The principal risk factor is smoking.
Upper tract UC often presents with hematuria or flank
pain [18, 19].
Traditionally, excretory urography was used to detect
upper tract UCs. Typical findings include a pelvicalyceal
filling defect and a distended or amputated calyx due to
an obstructing tumor in the infundibulum. An obstructing tumor at the ureteropelvic junction may result in
hydronephrosis and poor contrast excretion. The upper
tract can also be assessed during cystoscopy by a retrograde pyelogram. The imaging findings are similar to excretory urography but this technique has the advantage
of facilitating cytological sampling [18, 19]. Ultrasound
has limited sensitivity in detecting upper tract lesions.
UC within the renal pelvis usually appears as a soft tissue mass within the echo bright renal sinus, with or
without hydronephrosis. A tumor within the infundibulum may cause focal calyceal dilatation. Infiltrative UC
may extend into the renal cortex where it typically appears slightly hyperechoic compared with the adjacent
renal parenchyma [18, 19].
CT urography is the technique of choice. On the excretory phase, pelvicalyceal UC typically appears as a
sessile filling defect, a mass lesion, or circumferential
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Fig. 4 A 66-year-old female with a pathologically proven papillary RCC (type1). a Longitudinal greyscale ultrasound image shows an exophytic
homogeneous tumor (arrow) at the upper pole of the right kidney. b Axial post contrast nephrographic phase CT image shows the tumor
(arrow) is homogeneous and hypovascular relative to the renal parenchyma. c Axial T2-weighted MR image shows the characteristic low signal of
the tumor (arrow). d Axial post contrast corticomedullary phase T1-weighted MR image shows hypovascular nature of the tumor (arrow)

Fig. 5 Pathologically proven papillary RCC (type 2) in a 21-year-old
male who presented with acute renal failure. Coronal post contrast
nephrographic phase CT image shows a large heterogeneous
hypovascular right renal tumor (white arrow) with tumor extension
into the right renal vein (dashed arrow) and IVC (black arrow)

wall thickening (Fig. 7). The nephrographic phase can
complement the excretory phase, demonstrating the
tumor as an enhancing soft-tissue mass against the background of the lower attenuation collecting system [20,
21]. Rarely, UC may contain tiny calcifications. An aggressive UC obliterating the sinus fat and infiltrating into
the renal parenchyma may be seen as a hypoenhancing
mass distorting the renal architecture with a resultant
delayed nephrogram. This type of lesion is actually most
reliably visualized on the corticomedullary phase. A large
infiltrating pelvicalyceal UC can be difficult to differentiate from an RCC. Preservation of the reniform shape favors UC over RCC. Areas of necrosis may be seen in
infiltrating UCs and it can be challenging to differentiate
such a lesion from RCC, lymphoma, or xanthogranulomatous pyelonephritis (XGP) [21]. MR urography can be
performed without intravenous contrast and may be
helpful in evaluating UC in cases where contrast agents
are contraindicated. Pre-contrast T1 sequences can be
useful in excluding hemorrhage as a cause of a urothelial
filling defect. Diffusion-weighted imaging (DWI) and apparent diffusion coefficient (ADC) maps have been
shown to be useful in staging and predicting the
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Fig. 6 A 39-year-old male with a pathologically proven chromophobe RCC presented with right flank pain. a Longitudinal greyscale ultrasound
image shows a right lower pole mass with a central area of increased echogenicity representing a scar (white arrow). b, c Axial post contrast
nephrographic phase CT images show a large mass with a spoke wheel enhancement pattern (white arrow) and a central scar containing a focus
of calcification (black arrow)

histological grade of the tumor [22, 23]. Similar to RCC,
the role of FDG PET-CT in upper tract UC diagnosis is
limited as physiological tracer excretion by the kidney
can mask the tumor. PET-CT can be used in staging advanced or recurrent UC [17].
Upper tract UC is typically staged using the TMN system (Tables 3 and 4) [24].
Lymphoma

Most cases of renal lymphoma occur as part of extensive
disease affecting multiple solid organs or retroperitoneal
nodes and is classified as secondary lymphoma. The histology is typically B cell non-Hodgkin’s lymphoma
(NHL). Primary renal lymphoma accounts for < 1% of
extranodal NHL [25, 26]. It is classified as isolated renal
disease without associated mediastinal or pelvic adenopathy. Primary renal lymphoma occurs most frequently
in middle-aged men and often presents with flank pain,
weight loss, or fatigue [26].
Secondary renal lymphoma can present as single or
multiple focal lesions in one or both kidneys. It may also
arise in the perinephric region, the renal sinus, or cause
nephromegaly.
The most common imaging manifestation of primary
renal lymphoma is that of multiple renal masses, accounting for 40–60% of cases. Less common findings include direct extension to the kidneys from
retroperitoneal adenopathy, diffuse renal involvement
where the kidneys are enlarged but maintain their reniform shape, and a perinephric mass. In both types of

renal lymphoma, the lesions are typically hypovascular—
this feature may assist in differentiating lymphoma from
other neoplasms that typically show greater enhancement. Renal lymphoma is usually a solid lesion that is
hypoechoic relative to the renal parenchyma on ultrasound. CT typically demonstrates a homogenous lesion
that shows minimal enhancement. The lesions may infiltrate the renal parenchyma or sinus with preservation of
the reniform shape. A characteristic finding is the renal
veins and arteries usually remain patent despite encasement. Retroperitoneal lymphadenopathy is common.
Associated findings may include splenomegaly. On MRI,
lymphomatous lesions are usually hypointense on T2weighted images and iso- to mildly hypointense on T1weighted images relative to the normal cortex (Fig. 8).
Following contrast administration, the lesions enhance
to a lesser degree than the adjacent normal cortex [25,
27]. The lesions show avid uptake of FDG on PET and
have been shown to have a higher standardised uptake
value compared to RCCs [28]. The main differential
diagnoses include RCC, upper tract UC, and focal pyelonephritis. Percutaneous biopsy is typically required for
diagnosis due to non-specific imaging findings [26].
Post-transplant lymphoproliferative disease

Post-transplant lymphoproliferative disease (PTLD) refers to a collection of lymphoproliferative diseases that
develop after solid organ or stem cell transplantation
[25, 29]. The disease spectrum ranges from abnormal
lymphoid hyperplasia to frank malignancy. The majority
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Fig. 7 Upper tract UC in a 69-year-old female patient. a Longitudinal greyscale ultrasound image shows a rounded soft tissue mass
(arrow) in a dilated upper calyx in the left kidney. b Longitudinal greyscale with color Doppler ultrasound image shows the mass (arrow)
is hypovascular. c Axial post contrast corticomedullary phase CT image shows the mass (arrow) is homogeneous and hypovascular
relative to the renal parenchyma. d Axial post contrast excretory phase CT image confirms the mass (arrow) is within a calyx

of cases of PTLD are associated with proliferation of B
lymphocytes due to Epstein-Barr virus infection. The incidence of PTLD ranges from 1 to 20% and is dependent
on the transplanted organ. It develops in up to 20% of
small bowel transplant recipients, 1–11% of heart transplant recipients, 2–10% of lung transplant recipients, 1–
3% of renal transplant recipients, and 1–3% of liver
transplant recipients [30]. PTLD occurs most frequently
in the first 12 months following transplantation and is
more common in pediatric patients. PTLD can occur in
any anatomical location but it is most common within
the abdomen and is extranodal in 80%. The three most

common sites in the abdomen are the liver (50%), small
bowel (25%), and kidneys (17%) [26]. In renal transplant
recipients, the allograft is the most frequently affected
organ. PTLD can also occur in the native kidneys following transplantation of other organs. Treatment strategies
include lowering the dose of immunosuppression, chemoradiation, or antiviral therapy. Despite treatment, the
mortality is 30–60% [29].
Typical CT imaging findings in renal allograft PTLD
include a heterogeneous hilar mass that may encase vessels or multiple hypovascular parenchymal lesions (Fig.
9). On MRI, these focal lesions are iso- to hypointense

Table 3 TMN staging for upper tract urothelial cancer [24]
TNM stage

Disease extent

Ta

Noninvasive papillary carcinoma

Tis

Carcinoma in situ

T1

Invasion of subepithelial connective tissue/lamina propria

T2

Invasion of muscularis propria

T3

Invasion of renal parenchyma

T4

Invasion of adjacent organs, the pelvic or abdominal wall or through the parenchyma into the perinephric fat

N0

No regional lymph node metastases

N1

Metastasis to a single node < 2 cm in greatest dimension

N2

Metastasis to a single node 2–5 cm in greatest dimension or multiple nodes < 5 cm in greatest dimension

N3

Metastasis to a node > 5 cm in greatest dimension

M0

No distant metastasis

M1

Distant metastases
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Table 4 Staging groups for upper tract urothelial cancer [24]
Stage

T

N

0

Ta or Tis

N0

M
M0

I

T1

N0

M0

II

T2

N0

M0

III

T3

N0

M0

IV

T4

Any N

Any M

Any T

N1, N2 or N3

M0 or M1

relative to the renal parenchyma on T1-weighted images
and mildly hypointense on T2-weighted images. PTLD
lesions tend to be FDG avid on PET. Diffuse infiltrative
disease with nephromegaly has been described [25, 30].
PTLD should be considered in any new visceral lesion
or lymphadenopathy in a transplant patient [29]. A biopsy may be required to confirm the diagnosis. The differential diagnoses include a new or recurrent
malignancy and focal pyelonephritis.
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the renal metastases. One of the largest recent studies by
Wu et al. reported a median interval of 3.1 years with a
range of < 1 year to > 20 years [31]. Overall, it is difficult
to establish patient prognosis from the limited number
of small studies available [32, 33].
Metastases to the kidney tend to be encountered incidentally on imaging. Despite the absence of pathognomonic imaging features, there are several clues that
suggest the diagnosis [33, 34]. Firstly, this involves being
aware that there is a background history of cancer. The
study by Wu at al. reported that in 88% of cases, there
was a known history of primary cancer [31]. Secondly,
metastases are typically hypovascular and endophytic on
CT/MRI (Fig. 10) [34]. However, due to the low incidence of renal metastases and overlapping imaging features with other lesions such as RCC, a biopsy may
ultimately be required [31].

Benign tumors
Angiomyolipoma

Metastases to the Kidney

Isolated metastases to the kidney are rare. Typically,
metastatic involvement of the kidneys occurs in diffuse
dissemination of the primary malignancy. In these cases,
the renal lesions tend to be multiple and bilateral. The
most common primaries include the lungs followed by
the breast, gastrointestinal tract, and melanoma [31, 32].
Studies have reported a wide range of time intervals between diagnosis of the primary tumor and detection of

AML is the most frequently encountered solid benign
renal tumor and is classified as a perivascular epithelioid cell tumor. AMLs contain variable amounts of
dysmorphic blood vessels, smooth muscle cells, and
adipose tissue. Recent recognition that renal AMLs
comprise a heterogeneous group of lesions with a
spectrum of pathological and radiological characteristics has led to the creation of a classification system
by Jinzaki et al [11, 35]. The majority of renal AMLs

Fig. 8 Pathologically proven primary renal lymphoma in a 69-year-old man. a Axial T1-weighted, b axial T2-weighted, c coronal T2-weighted, and
d postcontrast nephrographic phase T1-weighted MR images show a relatively homogeneous left lower pole renal mass which is mildly
hypointense on T1- and T2-weighted images and hypovascular (arrow). e Coronal fused FDG PET/ CT image shows the mass is characteristically
hypermetabolic with marked FDG uptake (arrow)
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Fig. 9 A 51-year-old female with renal transplant PTLD presented with obstructive jaundice. a Coronal post contrast portal phase CT image shows
multiple PTLD lesions in the right lower quadrant renal transplant (white arrow), liver (dashed arrow), and cecum (*). Periportal lymphadenopathy
(black arrow) causes extrinsic compression of the common bile duct. b Axial post contrast portal phase CT image shows the multiple hypovascular
renal transplant PTLD lesions (white arrow)

occur sporadically. The remainder of AMLs is associated with syndromes such as tuberous sclerosis and
lymphangioleiomyomatosis [36].
Based on imaging characteristics, benign AMLs can be
split into classic (fat-rich) and fat-poor. The fat-poor
AMLs can be subdivided into hyperattenuating AML,
isoattenuating AML, and angiomyolipoma with epithelial
cysts (AMLEC) [11]. Benign AMLs have an incidence
rate of < 0.2% and occur most commonly in middle-aged
females [34]. They tend to be discovered incidentally but
can present with spontaneous hemorrhage particularly if
≥ 4 cm [37].
Classic AMLs are by far the most common subtype.
Internal macroscopic fat is their characteristic feature.
On ultrasound, they typically appear uniformly hyperechoic compared to normal renal parenchyma (Fig. 11).
However, occasionally, an RCC can also appear uniformly hyperechoic and mimic an AML. Hypoattenuating regions (< – 10 HU) on unenhanced CT suggests
macroscopic fat within an AML. Hemorrhage within an
AML can mask the fat content. Contrast-enhanced CT
is not usually required to diagnose a classic AML but is
useful to demonstrate the vascular anatomy prior to

embolization of large lesions. Macroscopic fat will appear hyperintense relative to the renal parenchyma on
T1- and T2-weighted MR sequences and show signal
loss on fat-suppressed sequences. In and out of phase
imaging creates an India ink artifact at the interface between fat and soft tissue or fluid. This interface will appear at the border between the AML and renal
parenchyma or within the lesion between fat and nonfatty components. Internal signal loss on opposed-phase
T1 images compared to in-phase T1 images indicates
the presence of microscopic fat—this may be seen in
both AMLs and RCCs. The main differential diagnosis
for a classic AML includes retroperitoneal liposarcoma
and RCC. An exophytic AML will typically demonstrate
a small defect in the renal cortex (“claw” sign) and a
feeding vessel to the underlying kidney—this allows differentiation from a liposarcoma rarely contain fat cells
originating in the kidney. Classic AMLs are differentiated from RCCs by macroscopic fat. Although RCCs can
rarely contain macroscopic fat, it is often associated with
calcifications [11, 35].
Hyperattenuating AMLs are a fat-poor subtype and
comprises 5% of all AMLs. On ultrasound, it is generally

Fig. 10 A 68-year-old man with non-small cell lung cancer and a pathologically proven solitary metastasis to the left kidney. a Coronal post contrast
nephrographic phase CT image shows an endophytic hypovascular metastasis in the upper pole of the left kidney (arrow). b Coronal post contrast
arterial phase CT image on lung windows shows the primary left upper lobe lung tumor (dashed arrow). c Coronal fused FDG PET/ CT image shows
the lung tumor (dashed arrow) and renal metastasis (arrow) are both hypermetabolic with marked FDG uptake
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Fig. 11 A 37-year-old female with a classic left renal AML and right nephrectomy performed in childhood. a Longitudinal greyscale ultrasound
image shows a hyperechoic lower pole AML (arrow). b Axial post contrast corticomedullary phase CT image shows macroscopic fat within the
AML (arrow). c, d Axial T2- and T1-weighted MR images show hyperintense signal of the fat within the AML (arrow). e Axial fat-suppressed T1weighted MR image shows signal intensity loss of the macroscopic fat within the AML (arrow)

uniformly isoechoic relative to muscle. On unenhanced
CT, these lesions are usually small and hyperattenuating
compared to renal parenchyma. They tend to enhance
homogenously and avidly on CT and MRI. Hyperattenuating AMLs are hypointense on T1- and T2-weighted
sequences and they generally do not demonstrate any
signal loss on fat-suppressed and out of phase T1weighted sequences. Both fat-poor AMLs and papillary
RCCs show low T2 signal intensity. If the lesion enhances homogeneously, then a hyperattenuating AML
should be considered (Fig. 12). A biopsy is recommended to confirm the diagnosis [11, 35].
The isoattenuating AML fat-poor subtype is rare.
These lesions are of a similar attenuation to renal
parenchyma on unenhanced CT. MR features include
hypointensity on T2-weighted images and signal loss
on out of phase T1-weighted images compared to inphase images. This subtype cannot be reliably distinguished from clear cell RCC on imaging [11, 35].
AMLEC is the least common fat-poor subtype. It
can be potentially malignant or overtly malignant.
Imaging features include a hyperattenuating lesion
on unenhanced CT and hypointense regions or septations with hyperintense cystic components on T2weighted images. A biopsy is required for definitive
diagnosis [11, 35].
Oncocytoma

Oncocytoma is the second most common benign tumor
comprising 3–7% of renal neoplasms. It has a peak incidence in the 7th decade and a slight male predominance

[38, 39]. On histopathology, oncocytoma classically demonstrates nests and tubular structures lined with eosinophilic granular cytoplasm. However, variations in these
features result in considerable overlap with chromophobe RCCs [40]. Oncocytoma and chromophobe RCCs
also share common findings at gross pathology and imaging. Oncocytomas are often clinically silent but can
present with pain or hematuria [39, 41].
Imaging findings can be variable due to the
spectrum of cellular patterns that can influence tumor
enhancement. Features suggestive, but not pathognomonic, of an oncocytoma includes a solid well-defined
lesion with a central stellate scar (Fig. 13) and spoke
wheel enhancement as well as segmental enhancement
inversion [9, 42]. This latter finding represents two
different areas of intralesional enhancement on the
arterial phase that displays corresponding enhancement reversal on the excretory phase on CT/MRI [43].
Rare features include calcification, hemorrhage, cystic
foci, and aggressive behavior [38]. Recent studies using
sestamibi single-photon emission CT to distinguish between oncocytoma and RCC have shown promising results, although further studies are required [44, 45]. As
a result of the absence of pathognomonic imaging
characteristics, a biopsy is often performed. However,
pathological assessment of a core biopsy can be
problematic as the sample may not be representative
of the entire lesion [19]. In instances where the biopsy
is suggestive of an oncocytoma but surgery is declined,
active surveillance should be considered to avoid missing an RCC [38].
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Fig. 12 A 46-year-old female with a fat poor right renal angiomyolipoma, biopsy was performed to confirm after MRI. a Axial T1-weighted MR
image shows a hypointense fat poor AML (arrow). b Axial opposed phase T1-weighted MR image shows the AML does not contain any micro- or
macroscopic fat (arrow). c Axial T2-weighted image shows the fat poor AML is hypointense (arrow). d Axial post contrast corticomedullary phase
T1-weighted MR image shows hyperenhancement of the AML (arrow), allowing differentiation from a papillary RCC

Non-neoplastic lesions
Infection

Acute bacterial pyelonephritis typically results from ascending migration of an infectious bladder organism.
The diagnosis is often made clinically based on symptoms, blood tests, and urinalysis. Imaging is not required
in mild cases but is crucial in cases where the diagnosis
is not clear or in patients with complicating factors such
as immunosuppression or where there is a failure to respond to therapy [46].
Sonographic abnormalities include focal or generalized
renal enlargement, focal changes in renal parenchymal
echogenicity, reduced corticomedullary differentiation,
and focal areas of reduced Doppler flow. However, in
early disease, the kidneys can appear normal on US.

Contrast-enhanced CT is the modality of choice for
detecting pyelonephritis—this may manifest as a wedgeshaped or rounded region of reduced or streaky enhancement with adjacent perinephric inflammatory
change (Fig. 14) [46]. A striated nephrogram may also be
seen. Occasionally, pyelonephritis can appear as a
rounded lesion that displays mass effect. Such cases can
be challenging to distinguish from a neoplasm.
Intraparenchymal or perinephric abscesses may develop
as a complication of pyelonephritis. Abscess formation
should be suspected in cases where appropriate antibiotics
have not resulted in clinical improvement, particularly if
the patient is immunosuppressed. Sonographic features
include a fluid collection with internal debris and septations. On CT, renal abscesses are usually round areas of

Fig. 13 A 62-year-old female with a pathologically proven renal oncocytoma. a Axial and b sagittal post contrast nephrographic phase CT
images show a central stellate scar (black arrow) within a left renal oncocytoma (white arrow), this finding is not pathognomonic
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Fig. 14 Right pyelonephritis in a 23-year-old female with a 1-day history of right-sided abdominal pain, fever, and elevated inflammatory markers.
a Axial post contrast nephrographic phase CT image with a narrow window shows reduced attenuation (arrow) at the lower pole of the right
kidney with perinephric inflammatory fat stranding (dashed arrow). b Coronal post contrast nephrographic phase CT image with a narrow
window shows a striated nephrogram at the lower pole of the right kidney (arrow)

low attenuation with an enhancing rim and adjacent inflammatory stranding (Fig. 15). Internal gas may be
present. MRI findings are similar to CT with the internal
contents demonstrating fluid signal characteristics and
rim enhancement following gadolinium [46, 47].
XGP is induced by chronic renal obstruction and infection resulting in parenchymal destruction and replacement with lipid-laden macrophages. The most
common pathogens are Escherichia coli and Proteus mirabilis. The condition typically occurs in immunocompromised middle-aged females. Symptoms are frequently
non-specific [48, 49]. Typical imaging findings across
modalities include renal enlargement and a large
obstructing staghorn calculus. XGP can rarely occur as a
focal lesion and can be challenging to differentiate from
a neoplasm. CT is the most useful modality in confirming the diagnosis and can facilitate surgical planning.
Typical CT findings include a renal pelvis contracted
around a staghorn calculus, caliectasis, inflammatory
changes in the kidney, and fibrofatty proliferation in the
surrounding tissues (Fig. 16) [49].

Immunocompromised patients are vulnerable to opportunistic infections, such as Mycobacterium and fungal infections. Renal tuberculosis (TB) causes papillary
necrosis and parenchymal destruction. CT findings include caliectasis, strictures of the renal pelvis/infundibula, and calcifications [50]. Common fungal
organisms include Candida and Aspergillus. On imaging,
these infections can manifest as renal abscesses or
hydronephrosis with filling defects in the dilated pelvicalyceal system. Microbiological tests are required to confirm the diagnosis [46, 51].
Inflammatory
Sarcoid

Sarcoidosis is a multisystem disorder characterized
pathologically by the presence of non-caseating granulomas. Sarcoidosis has a female predominance and a
peak incidence at 20–39 years of age. It is roughly three
times more prevalent in Americans of African descent
compared with Caucasian Americans. Around 90% of
patients have thoracic manifestations and approximately

Fig. 15 Renal abscesses in an immunosuppressed 21-year-old man. a Longitudinal greyscale ultrasound image of the right kidney shows multiple
intraparenchymal abscesses of varying complexity (dashed arrows). b Coronal post contrast nephrographic phase CT image shows multiple
bilateral renal abscesses (dashed arrows), worse on the right, and perinephric inflammatory fat stranding (white arrow). The right renal abscesses
show peripheral enhancement (black arrow)
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Fig. 16 XGP in a 67-year-old female who presented with left flank pain. a A supine abdominal radiograph shows a large left renal pelvis calculus
(white arrow) and left abdominal mass which displaces bowel to the right (black arrow). b Coronal post contrast nephrographic phase CT image
shows a renal pelvis contracted around a staghorn calculus (white arrow), caliectasis (dashed white arrow), inflammatory changes in the kidney
(dashed black arrow), and fibrofatty proliferation in the surrounding tissues (*)

30% have extra-pulmonary disease [52, 53]. Renal
sarcoidosis may present clinically with signs of altered
calcium metabolism—this includes nephrocalcinosis, hypercalcemia, and hypercalciuria. Renal impairment can
occur due to interstitial nephritis. Granulomatous involvement of the kidney can also be asymptomatic [54,
55]. Renal granulomas have been reported in 22% of sarcoid patients at autopsy but radiologically distinct granulomas are uncommon [52].
Granulomatous deposits within kidneys are often referred to as pseudotumors. These lesions can be single
or multiple and have varied imaging appearances.
Hypoechoic and hyperechoic lesions have both been reported on US [52, 56]. On CT, the masses may be hypo-,
iso-, or hyperattenuating relative to the renal parenchyma. Following contrast administration, they may or
may not demonstrate enhancement. Renal sarcoidosis
causing interstitial nephritis can produce a striated
nephrogram on contrast-enhanced CT. MRI depicts
pseudotumors as homogenous or heterogeneous lesions
that are hypovascular on postcontrast images [53, 57].
On PET imaging using 18F-fluorodeoxyglucose, the
renal granulomas have been reported to demonstrate
avid tracer uptake. Due to the non-specific imaging appearance of renal sarcoid, it cannot be distinguished
from other infiltrative renal masses. The presence of typical features of sarcoid in the chest may place it higher
in the list of differential diagnoses but biopsy is needed
for definitive diagnosis [53, 57].

presence of a dense lymphoplasmacytic infiltrate with an
abundance of IgG4-positive plasma cells and fibrosis
[59]. IgG4-related kidney disease most frequently occurs
in middle-aged or elderly patients and has a predilection
for males. The condition typically occurs in conjunction
with other organ involvement. In the early stages, the
patient may be asymptomatic. Advanced IgG4-related
kidney disease can cause renal failure secondary to tubulointerstitial nephritis followed by glomerular disease.
Urinalysis may show proteinuria. Serum IgG4 levels are
frequently elevated [58, 60].
IgG4-related kidney disease can arise with the renal
parenchyma (round or wedge-shaped lesions), renal pelvis, or perinephric region reference [61]. Generalized
renal enlargement has also been described. The renal
parenchyma is the most common location and lesions
can appear as single or multiple nodules or diffuse
patchy infiltrative lesions. Ultrasound findings tend to be
non-specific. Sonographic features include poorly defined regions of reduced echogenicity and there may be
irregularity of the renal contour. CT demonstrates
rounded or wedge-shaped hypoenhancing lesions [58,
60]. On MRI, the lesions show low signal on T1- and
T2-weighted images and display mild enhancement.
DWI sequences have been shown to be helpful in detecting subclinical lesions [61, 62]. Renal pelvis or perinephric lesions are much less common. The presence of
extra-renal disease and serum IgG4 levels can help
clinch the diagnosis [60].

IgG4-related kidney disease

Vascular and hemorrhagic lesions
Renal infarction

IgG4-related kidney disease is a relatively newly recognized condition. This autoimmune disease affects a variety of organs, the pancreas being the most common
[58]. Histopathologically, it is characterized by the

Renal infarction results from impaired arterial supply or
venous drainage. Common causes include thromboembolic disease, renal artery abnormalities (dissection,
aneurysm, and fibromuscular dysplasia), trauma, or
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vasculitis [63, 64]. Acute renal infarction can rarely
present with flank pain or hematuria. It is usually detected incidentally on imaging [64].
Contrast-enhanced CT is the first-choice imaging modality for detecting renal infarction. Typical findings are
one or more wedge-shaped regions of hypoattenuation
(denoting non-enhancement) involving the cortex and
medulla (Fig. 17). More diffuse infarcts may display mass
effect. In these cases, the presence of a thin rim of cortical enhancement (cortical rim sign) adjacent to the
hypoattenuating renal parenchyma is virtually pathognomonic for an infarct. A flip-flop enhancement pattern
has also been described where the region of reduced attenuation demonstrates delayed enhancement on later
phases. This feature can be helpful in differentiating an
infarct from a tumor. It is also crucial to assess other organs for the presence of additional infarcts and the vasculature for a potential causative etiology [64, 65]. In
patients with contraindications for intravenous contrast,
an alternative modality is CEUS. This technique has
been shown to have comparable accuracy to CT. Renal
infarction appears as a wedge-shaped region of nonperfusion on CEUS [66].
Renal artery aneurysm

Renal artery aneurysms have a prevalence of 0.01–1%
[67]. They are frequently saccular and are more common
in females. Fibromuscular dysplasia and atherosclerosis
are the most common etiological factors. Patients typically present in the sixth decade of life usually as an
incidental discovery on imaging. A small proportion of
patients present with symptoms due to rupture or from
thromboembolic disease [68]. The majority of renal artery aneurysms arise at the main renal artery division.
Around 10% occur within the renal parenchyma and can
mimic solid or cystic renal lesions on imaging. Any anechoic lesion in the renal sinus should be assessed with
color-Doppler to rule out an aneurysm. Ultrasound with
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color Doppler characteristically shows turbulent flow
with communication to the renal artery. The presence of
thrombus or calcification within the aneurysm may result in undetectable Doppler signal (Fig. 18). In such instances, evaluation with CT and/or MRI should provide
definitive characterization [67, 69].
Benign hyperattenuating cysts

Benign cysts containing hemorrhage or proteinaceous
content are responsible for the vast majority of hyperattenuating renal lesions. Key imaging features include
small size (≤ 3 cm), clearly defined margins with at least
one quarter abutting perinephric fat, homogenous
hyperattenuation, and absence of enhancement (on CT
an increase in attenuation by 10 HU following contrast).
An increase in attenuation ≥ 20 HU is considered enhancement while an increase of 10–20 HU is considered
indeterminate. Beam hardening and partial volume averaging on contrast-enhanced CT can present a potential
pitfall through pseudoenhacement, i.e., an artificial increase in attenuation [70, 71]. The recent White Paper
by the ACR on the management of the incidental renal
mass on CT stated that a homogenous mass of ≥ 70 HU
on unenhanced CT is almost always a hyperdense Bosniak II cyst and requires no further evaluation [70].
However, a lesion of the same attenuation detected on
contrast-enhanced CT is indeterminate and should be
characterized further with a multiphase CT or MRI. A
heterogenous hyperattenuating lesion also requires
multiphase imaging for characterization. MRI is the imaging modality of choice and can detect internal
hemorrhage or proteinaceous material due to their T1
hyperintensity (Fig. 19) [70, 72]. Post gadolinium subtraction sequences are useful for differentiating a renal
neoplasm with secondary intratumoral hemorrhage from
a simple hemorrhagic or proteinaceous renal cyst [73].
CEUS can also be used to assess for intralesional enhancement [66].

Fig. 17 A 34-year-old male with a right renal infarct and a past medical history of polyarteritis nodosa presented with right upper quadrant pain.
a Coronal post contrast corticomedullary phase CT shows a wedge-shaped area of infarct in the lower pole of the right kidney (arrow). b Coronal
post contrast corticomedullary phase CT performed 18 months after (a) shows a cortical defect at the site of the infarct (dashed arrow)
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Fig. 18 Renal artery aneurysm mimicking a renal lesion in an asymptomatic 68-year-old female. a Transverse greyscale ultrasound image shows a
rounded lesion with mural calcification in the left kidney (arrow). b Transverse greyscale ultrasound with color Doppler image shows no vascular
flow within the lesion (arrow). c Sagittal post contrast corticomedullary phase CT image confirms the lesion is a renal artery aneurysm with mural
calcification and atherosclerosis (arrow)

Anatomical variants

Small renal mass in clinical practice

A prominent column of Bertin is an anatomical variant
that can mimic a mass. It results from hypertrophied
cortical tissue. This pseudomass typically occurs between upper and interpolar calyces and is more common
on the left. On contrast-enhanced CT and MRI, the enhancement pattern in a column of Bertin should be
identical to the renal cortex on all phases—this is most
evident on the corticomedullary phase (Fig. 20). The absence of cortical disruption allows differentiation from
RCC [74, 75].
A dromedary hump is another anatomical variant that
can be mistaken for a mass. It is due to the splenic impression and appears as a focal bulge on the superolateral portion of the left kidney. Similar to a prominent
column of Bertin, the enhancement pattern should
match that of the adjacent renal cortex on all post contrast phases (Fig. 21) [74, 76].

Detection of an incidental small renal mass (≤ 4 cm) on
imaging is a common situation for a radiologist. The lesion will either be completely characterized or it will be
indeterminate. These indeterminate lesions will typically
go on to have a multiphase CT or MRI unless there are
benign features such as previous imaging showing stability over at least 5 years [70, 77]. Were image findings are
consistent with localized RCC, there are a variety treatment options available depending on the patient profile.
For instance, young patients will typically be offered a
nephrectomy or nephron-sparing surgery, whereas patients with a limited life expectancy or significant comorbidity could be considered for active surveillance or
percutaneous ablation [70, 78]. In cases which remain
indeterminate following a multiphase CT or MRI, further workup options include percutaneous biopsy or alternative imagining techniques [77].

Fig. 19 Left hemorrhagic/proteinaceous renal cyst in an asymptomatic 68-year-old female. a Axial T2-weighted MR image shows a partially
exophytic hypointense left renal lesion (arrow). b Axial T1-weighted MR image shows hyperintense signal within the lesion (arrow). c Axial T1weighted with fat subtraction MR image shows no signal loss within the lesion suggesting internal hemorrhagic/proteinaceous material (arrow).
No internal enhancement on the post contrast subtraction images confirming the benign nature of the lesion
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Fig. 20 Prominent column of Bertin incidentally detected on a 62-year-old male with symptoms of urinary tract obstruction. a Longitudinal
greyscale ultrasound image shows hypertrophied cortical tissue in the interpolar region of the right kidney (arrow). b Retrograde pyelogram
image shows splaying and narrowing of upper polar/interpolar calyces secondary to the hypertrophied cortical tissue (*). c Axial post contrast
corticomedullary phase CT and d MRI images show the enhancement pattern of the prominent column of Bertin is identical to the renal
cortex (arrow)

Fig. 21 Incidental dromedary hump in a 70-year-old man undergoing investigation for microscopic hematuria. a Longitudinal and transverse
greyscale ultrasound images show a focal bulge on the lateral border of the left kidney (arrow). The cortical bulge has the same echogenicity as
the adjacent cortex. b Coronal unenhanced, c coronal post contrast nephrographic phase, and d coronal post contrast excretory phase CT
images show cortical bulge is identical to the cortex on all phases (arrow) confirming a dromedary hump
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Renal mass biopsy

Percutaneous renal mass biopsy is a safe procedure with
a high diagnostic yield. It has a crucial role in the work
up of indeterminate renal lesions and assisting clinical
decisions in the following scenarios; patients with a renal
mass and an extra-renal malignancy to distinguish between separate primaries and a metastasis to the kidney,
patients with likely metastatic/unresectable renal malignancy to allow sub typing for potential systemic therapy,
patients with a small renal mass (≤ 4 cm) which may be
suitable for active surveillance or minimally invasive
treatments, and patients with multiple/bilateral renal
masses who may have an underlying hereditary condition [77, 79].
Alternative imaging techniques

CEUS using intravenous microbubbles allows dynamic
assessment of microvasculature. It can therefore assist
differentiation between cystic and solid lesions and
characterization of complex cystic lesions. It is a useful
tool in patients who have contraindications for iodinated
contrast or MRI [77].
Dual energy CT can create virtual non-contrast images
from a single-phase contrast-enhanced scan. It is particularly helpful with incidental lesions detected on a
single-phase post contrast CT were the virtual noncontrast images can differentiate between a soft tissue
tumor and a hyper dense cyst without requiring a repeat
multiphase CT [77, 80].
Tc-99m sestamibi single-photon emission computed
tomography (SPECT)/CT has shown promise in a number of studies at differentiating oncocytoma and RCC,
with oncocytoma demonstrating positive tracer uptake
and RCC being negative [81].

Conclusion
Focal lesions of the kidney can be caused by a range of
malignant tumors, benign tumors, and non-neoplastic
entities. Lesions can have overlapping radiological features requiring a multimodality imaging approach.
Knowledge of relevant clinical details and key imaging
features is crucial for accurate characterization and
differentiation.
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