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Angiomyolipomas (AML) are benign tumors of the kidneys frequently encountered in radiologic practice in large tertiary centers. In comparison to
renal cell carcinomas (RCC), AML are seldom treated unless they are large, undergo malignant transformation or develop complications like acute
hemorrhage. The common garden triphasic (classic) AML is an easy diagnosis, however, some variants lack macroscopic fat in which case the radiologic
differentiation from RCC becomes challenging. Several imaging features, both qualitative and quantitative, have been described in differentiating
the 2 entities. Although minimal fat AML is not entirely a radiologic diagnosis, the suspicion raised on imaging necessitates sampling and potentially
avoids an unwanted surgery. Recently a new variant, epitheloid AML has been described which often has atypical imaging features and is at a higher
risk for malignant transformation. Apart from the diagnosis, the radiologist also needs to convey information regarding nephrometric scores which help
in surgical decision-making. Recently, more and more AMLs are managed with selective arterial embolization and percutaneous ablation, both of
which are associated with less morbidity when compared to surgery. The purpose of this article is to review the imaging and pathologic features of classic
AML as well as the differentiation of minimal fat AML from RCC. In addition, an overview of nephrometric scoring and image-guided interventions is also

provided.

© 2019 Elsevier Inc. All rights reserved.

Introduction

Angiomyolipomas (AML) are benign tumors of mesenchymal
origin primarily seen in the kidneys and having an overall
prevalence of 0.44%." In a retrospective analysis of 916 patients
who underwent partial nephrectomy for presumed renal cell
carcinoma (RCC), angiomyolipoma was the second most common
pathology (28.7%) after oncocytoma (51.2%).” Classic AMLs are
easily diagnosed radiologically and do not require treatment
unless they are symptomatic or large. A subset of AMLs are lipid-
poor and the diagnosis may not be straight forward on imaging.
Several imaging features have been assessed till date in differ-
entiating lipid-poor AMLs from RCCs since they may have radically
different management. Recently, a newer histologic variant, epi-
theloid AML, has been described which has atypical imaging
findings and malignant potential. Surgery (partial nephrectomy)
is the most commonly performed surgery in symptomatic AML
and the radiologists can often guide the surgeon in assessing the
ease of resection by providing nephrometric scores. Of late,
selective arterial embolization (SAR) has superceded surgery as
the treatment of choice. Newer, less invasive percutaneous
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ablation techniques are also gaining popularity with active
research being undertaken. This article attempts to elaborate the
imaging findings of classic AML as well as those features which can
potentially differentiate lipid-poor AML from RCC. Nephrometric
scoring is discussed along with a review of newer concepts in
image-guided interventions.

Clinical Presentation

AMLs most commonly present in the fourth to sixth decades of
life and have a 4:1 female predilection. Most (80%) are sporadic,
whereas hereditary tumors occur in association with tuberous
sclerosis complex (TSC) and sporadic lymphangioleiomyomatosis
(LAM). Nearly 55%-75% of the patients with TSC and 50% of those
with sporadic LAM develop AML during their lifetime.>> Among
AMLs, 20% are associated with TSC. Syndromic AMLs present
earlier and tend to be multifocal and bilateral. Extrarenal involve-
ment (liver, spleen, uterus, and fallopian tubes) may also be seen.
Syndromic AMLs also have faster growth rate, attain larger mean
size and posses higher rate of complications.®

AMLs present with nonspecific symptoms. Most smaller lesions
are asymptomatic and detected during routine imaging or screen-
ing for TSC. Confluent lesions with significant parenchymal
replacement may cause renal failure and secondary hyperten-
sion.”® Larger lesions may present as palpable lumps. AMLs larger
than 4 cm develop elastin-poor vascular structures as well as
aneurysms, and has 50% tendency to bleed.” When such sponta-
neous renal or perirenal hemorrhage occurs, the patient presents
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with acute flank pain, palpable tender lump, and gross hematuria
(Lenk’s triad). This condition, described as Wunderlich syndrome,
requires urgent embolization or surgery.'® Hemorrhage can also be
triggered by minor trauma and pregnancy.!! Subcapsular
hemorrhage over time may cause compression of the kidney,
resulting in chronic compressive ischemic nephropathy (Page
kidney).'?

Etiopathogenesis, Genetics, and Classification

Initially considered a hamartoma, the neoplastic nature of AML
and the clonal origin of its components have just been eluci-
dated.” The World Health Organization (WHO) classifies AMLs
among perivascular epithelioid cell tumors (PEComas), which also
includes lymphangioleiomyomas, clear cell “sugar” tumor of the
lung and clear cell myomelanocytic tumors.'® These tumors are
characterized by the presence of perivascular epithelioid cells
(PEC), which typically are radially arranged around vessels, have
clear or granular cytoplasm and central nucleus with small
nucleoli.’® PEC do not have any normal tissue counterpart and
express melanocytic (HMB-45 and melan-A) as well as myocytic
markers (smooth muscle actin). The origin of these tumors is
controversial and has been variably attributed to neural crest cells,
smooth muscles and pericytes.'®

Classic AML, the most common type, is characterized by
varying amounts of epithelioid and spindle cells, abnormal thick
walled blood vessels and fat (triphasic morphology). It has a
benign course and complications arise only in large tumors. Nodal
involvement in classic AML is rare, almost always occurs in the
context of TSC, and has been suggested to be a consequence of
multifocal disease rather than metastatic spread.'”'® Vascular
invasion also may be seen with classic AML and does not
necessarily indicate malignancy.’®?! Cystic AML consists of epi-
thelial cysts lined by cuboidal cells positive for cytokeratin.??

Epithelioid AML (EAML) is a recently described aggressive
variant characterized by sheets of epithelioid cells demonstrating
melanocytic markers. The term EAML is used only when the
proportion of epitheloid cells exceeds 10%.>> Pure EAMLs are
extremely rare and are strongly associated with TSC. Malignant
transformation is seen in a third of EAMLs. Recurrence, metastatic
lymph node involvement, intravascular extension and hematoge-
neous metastasis are common, necessitating close follow up. The
pathologic features predictive of malignancy are presence of
> 70% atypical epitheloid cells, >2 mitosis per HPF, atypical
mitotic figures and necrosis.”* Acquisition of P53 mutation is
thought to be the trigger for malignant transformation.”> Many
cases of renal cell carcinomas previously described in TSC could
have originally been malignant epithelioid AMLs.>*%

TSC is an autosomal dominant disorder resulting from hetero-
zygous mutations of TSC1 and TSC2 genes located on 9q and 16p
chromosomes, respectively. These genes code for the tumor
suppresser proteins hamartin and tuberin, which normally down-
regulate the mechanistic target of rapamycin (mTOR) signaling
cascade. Mutations of TSC2, but not TSC1, have also been observed
in sporadic AML and other PEComas.?’-?°

Radiologic Findings of Classic AML

Plain radiographs are insensitive to small renal masses,
whereas large fat containing masses may show up as areas of
relative lucency compared to the adjacent soft tissue. Mass effect
on the colon and bowel may be apparent. Intravenous urogram
may demonstrate distortion of the pelvicalyceal system or the
ureters. Lymphangioleiomyomatosis of the renal pelvis is seen

rarely along with AML in TSC and may cause plaque like projection
within the renal pelvis.>>*! In TSC or LAM, multiple small, round
and uniformly sized pulmonary cysts sparing the costophrenic
angles are often seen.

Multidetector computed tomography (CT) and magnetic reso-
nance imaging (MRI) are extremely useful in diagnosing AML,
assessing their size, extent and for evaluating complications. A
routine CT protocol includes noncontrast images, corticomedullary
(35-45 second) nephrographic (90-120 second), and excretory
phase images (3-5 minutes). Noncontrast images can be avoided
if dual-energy CT is available. MRI protocol should include fat
suppressed T2-weighted images, nonfat suppressed dual-gradient
echo (in-phase and opposed-phase) T1-weighted images, fat sup-
pressed T1-weighted images, diffusion-weighted images as well as
postcontrast images in the corticomedullary, nephrographic and
excretory phases. On CT, most AMLs appear as small “ball type”
renal cortical masses having variable proportion of fat (-10 to
—120 Hounsfield units) and enhancing soft tissue (Fig 1A-C). These
masses fit into a wedge shaped defect in the kidney and have an
angular or pyramidal morphology at the interface with the apex
pointed towards the renal parenchyma. The base of the lesion
contacts the renal capsule and often bulges beyond the renal
contour exophytically into the perirenal fat. This angular or
pyramidal morphology at the interface, first described by Verma
et al,*? is seen in 76% of AMLs and has 100% positive predictive
value in differentiating benign from malignant renal masses.
This feature has been attributed to the soft and flexible consistency
of AML unlike the more solid tumors like renal cell carcinoma
(RCC).

The presence of fat in a renal mass offers a reasonably specific
diagnosis AML.>*> Even small amounts of fat can be appreciated on
thin slice MDCT, aided by its high spatial resolution and excellent
fat to soft tissue contrast. However, the technique of assessment
has to be meticulous to avoid false positive observations. Areas of
fat attenuation may not be apparent due to partial volume effect if
the regions of interest (ROI) are drawn on thick sections.**
Sequential rather than helical scanning can result in small portions
of fat being missed due to respiratory misregistration.** The
margins of ROI have to be drawn atleast 3 mm from the perirenal
or renal sinus fat to avoid volume averaging. Many different
thresholds of attenuation have been used till date for the identi-
fication of small amounts fat. Most studies support a threshold of
—10 HU as being reasonably sensitive and specific.***>*¢ Daven-
port et al’® suggested that an ROI of atleast 19-24 mm? be used to
avoid sampling stochastic noise (quantum mottle) and erroneously
diagnosing fat.

Pixel mapping may be done to look for smaller clusters of fat
and is more sensitive than ROI attenuation measurement.’’>% A
line or square of four contiguous pixels of attenuation less than
—10 HU is considered indicative of the presence of fat.>> The
effectiveness of CT histogram analysis (pixel distribution analysis)
has been variably reported.>>*? Kim et al observed sensitivity,
specificity of 44% and 88% for histogram analysis when a cut off of
1% pixels with attenuation less than —10 HU was used to differ-
entiate AML from RCC.> Takahashi observed pixel distribution
analysis to be no better than subjective evaluation in identifying
small clusters of fat, however, concluded that skewness lower than
—0.4 in whole-lesion-ROI texture analysis could identify fat in the
lesion.*®

Radiologic Findings of Minimal Fat AML
Approximately, 4.5% of classic AMLs show no macroscopic fat

even on thin slice noncontrast CT (Fig 1D). These have been
labeled “fat poor” or “minimal fat” AML.***> A histologic definition
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FIG 1. Spectrum of the morphology of renal angiomyolipomas (AML). Renal AMLs can exist as (A) small angular lesions fitting into wedge shaped cortical defects with their
outer margins being flush with the renal capsule. (B) Further enlargement causes large exophytic component bulging into the perirenal space. (C) Variable amount of
enhancing component may be present along with large intratumoral vessels. (D) Absence of macroscopic fat in AMLs (minimal fat AMLs) can create diagnostic dilemma;

however, the angular morphology is still appreciable in most cases.

of less than 25% fat cells in per high power field has been used for
minimal fat AML."® In some cases, the presence of significant acute
hemorrhage may obscure the intralesional fat.

Several imaging features have been used to differentiate
minimal fat AML from RCCs (Table 1 and Fig 2). This differentiation
is relevant since most RCCs have poorer prognosis in comparison

TABLE 1
Differentiating features between minimal fat angiomyolipoma and renal cell
carcinoma

Imaging features Angiomyolipoma Renal cell carcinoma

Angular morphology 9F -
Absence of beak sign + -
Density (NCCT) Homogenous and hyperdense Heterogenous..
T2 signal Homogenous and Heterogenous..
hypointense
Necrosis and - IF
calcification
Hyperdense rim + -
Peritumoral vessels - +
Coexistent classic AML  + -
Early enhancement aF — e
Signal loss on OP images -+ —xk
18F-FDG PET uptake - + s
"C-acetate PET uptake  + — sk

AML, angiomyolipoma; RCC, renal cell carcinoma; NCCT, noncontrast CT; FDG,

fluorodeoxyglucose; PET, positron emission tomography.

* Except for papillary RCC.
*+ Except for clear cell RCC.
=+ Except for chromophobe RCC.

to AML, with some requiring radical surgery. Also the chemo-
therapy regimens used for RCC are different from those used for
AML. Jinzaki et al*’ suggested that the absence of “beak” or “claw”
sign in a lesion which protrudes from the renal margin indicates
subcapsular or capsular origin and hence an AML.*® Presence of
“beak” sign would suggest tumors of parenchymal origin (includ-
ing RCCs). Jinzaki also observed that AMLs tend to be homoge-
neously hyperattenuating on noncontrast scans, showed
homogeneous enhancement on postcontrast phase. Clear cell
RCCs, on the other hand show heterogeneous hyperenhancement,
necrosis and hemorrhage.?®4749-3! Relative tumor attenuation can
be quantified on noncontrast scans by using tumor-to-cortex
ratio.”> However, this finding lacks specificity as several other
lesions (papillary RCC, renal metastasis from thyroid carcinoma,
and benign complicated cysts and leiomyoma) may show similar
appearance.”>** In addition, hemorrhage within the AML could
result in heterogeneity.

Of late, attempts have been made to quantify tumor hetero-
geneity not visible to the human eye using software-aided texture
analysis.””>° Hodgdon et al°® observed that CT histogram analysis
was useful in differentiating minimal fat AML from RCC on
unenhanced scans. Among the texture parameters used, gray-level
homogeneity and entropy were the strongest predictors. RCC
showed significantly lesser homogeneity and higher entropy than
minimal fat AML. The software-aided measurement of heteroge-
neity outperformed subjective assessment by radiologists. How-
ever, no attempt was made to apply these findings to each subtype
of RCC. Recently a computer-aided classification system using
texture parameters as well as histogram analysis has also been
proposed to differentiate clear cell RCC and AML.>”
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FIG 2. Differentiating features between AML and RCC. (A) AMLs (left) are characterized by angular morphology, large intratumoral vessels often with focal aneurysms, lack
intralesional necrosis and hemorrhage. RCCs (right) demonstrate beak sign, lack angular morphology, possess intralesional hemorrhage and necrosis, and often have tortuous
peritumoral collateral vessels. (B) A case of classic AML showing enhancing components and intralesional aneurysms (arrows). Note the clear perilesional fat. (C) A case of
clear cell RCC showing large central area of necrosis and prominent peritumoral collateral vessels. (Color version of the figure available online.)

Angular interface, a morphologic feature described earlier has
also been observed in minimal fat AMLs unlike RCCs.*® As AML
does not promote angiogenesis or inflammatory reaction, peritu-
moral collateral vessels are rarely seen in AMLs. Yang et al*®
observed that presence of peritumoral collateral vessels showed
100% negative predictive value for the diagnosis of AML.

Unlike RCC, calcification is extremely unusual in AMLs and its
presence in an otherwise typical AML necessitates sampling to rule
out RCC.>>® Yang et al also observed the presence of a hyper-
attenuating tumor rim to be a useful predictor of minimal fat AML;
however, the same observation was not supported by other
studies.>® Presence of coexistent fat abundant AMLs also has been
observed to be a suggestive sign of AML in TSC; however, fat
containing RCC is also a remote possibility since patients with TSC
have increased risk for RCCs as well.>*° Involvement of other
organs may be seen in TSC (Fig 3). Numerous, large AMLs in TSC
might cause complete renal parenchymal replacement.

On T2-weighted MRI, AMLs generally are uniformly hypoin-
tense (Fig 4A). Opposed and in-phase gradient-echo (GRE) MR
images (chemical shift imaging) have been widely used to identify
microscopic amounts (intravoxel or intracellular) of fat. Minimal
fat AML shows significant drop in signal intensity (SI) on opposed-
phase images (Fig 4B and C).°®° Kim et al°® noted sensitivity and
specificity of 96% and 93%, respectively for GRE when SI index of

25% and tumor-to-spleen ratio of —32% were used as cut-off.
However, this rule cannot be generalized since clear cell RCC also
is known to contain microscopic, intravoxel fat.>'*>?> One study
observed that presence of qualitative (visually detectable) signal
loss on opposed-phase images was more suggestive of clear cell
RCC than AML with a percentage SI drop of 29% being 100% specific
for the former.°’ This author used tumor-to-kidney percentage
signal drop rather than SI index (which lacks an internal reference)
and tumor-to-spleen ratio (which is unreliable in patients with
iron overload). Hindman et al observed that the presence of
intravoxel fat in any small mass ( <2 cm) which is homogeneously
hypointense on T2-weighted images suggests AML over clear cell
RCC. Presence of necrosis is highly predictive of clear cell RCC.%?
However, if microscopic fat is not evident on GRE, hypointense
signal on T2-weighted images can be seen with papillary RCCs and
lymphomas as well. Diffusion restriction may be present within
the enhancing components of the tumor (Fig 4D and E).
Dynamic enhancement is not useful in differentiating minimal
fat AML from RCCs as a whole group since each variant of RCC
shows a different enhancement pattern.*® Clear RCCs show early
intense enhancement and delayed washout. Oncocytomas show
intense enhancement which peaks in the nephrographic phase,
followed by rapid washout. AMLs and papillary RCCs show less
intense wash-in and prolonged retention of contrast.*>%6364
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FIG 3. A case of tuberous sclerosis presenting with right renal and liver AMLs. The patient underwent left nephrectomy previously for an AML which bled acutely.
(A) Ultrasound of the right kidney showing a hyperechoic mass (M) with angular morphology located in the renal cortex. (B) Liver also shows a large hyperechoic lesion in
segment IV, causing speed propagation artifact (arrow) in the right diaphragm, suggestive of fat content. CECT confirms the diagnosis of hepatic (C) as well as multiple right

renal AMLs (D). Note the absence of the left kidney.

However, several other studies have observed early enhancement
and subsequent washout in AML, a finding which has been
attributed to a larger proportion of angiomatous than myomatous
content (Fig 4F and G).49-°965

As AML is hypometabolic, it shows poor uptake on '8F-fluo-
rodeoxyglucose (FDG) PET-CT.°® Ho et al evaluated dual-tracer
PET-CT with 8F-FDG as well as ''C-acetate and observed that AML,
low-grade clear cell RCC and chromophobe RCC showed uptake
with ''C-acetate but not with ®F-FDG. Papillary RCC and high-
grade clear cell RCC showed a reverse pattern.®’

Four subtypes of lipid-poor AML have been described based on
the CT attenuation characteristics and the presence of cysts.
Hyperattenuating AMLs are the most common type and are
homogenously hyperdense on CT, show T2 hypointensity, diffusion
restriction and homogenous postcontrast enhancement. However,
no signal drop is apparent on chemical shift imaging. These
features are attributed to the presence of dense HMB-45 positive
smooth muscles and the absence of fat cells. In contrast, hypo-
attenuating AML contain cells with microscopic fat, have attenu-
ation in the range of —10 to 45 HU and show signal drop on
opposed-phase images. Isoattenuating AMLs are extremely rare
and difficult to differentiate from RCC. Some of the hyperattenuat-
ing AMLs may contain cystic spaces and are labeled as AML with
epithelial cysts.**

Differential Diagnoses and the Role of Biopsy

Though the presence of fat of CT in a renal mass offers a
reasonably specific diagnosis of AML and helps avoid a biopsy,
exceptions are seen. Rarely, RCCs, Wilms tumors, and oncocytomas
can contain macroscopic fat, a feature that has been attributed to
osseous metaplasia with marrow proliferation or entrapment of

perirenal fat by the mass (Fig 5A).°® Presence of fat due to
cholesterol necrosis is seen most commonly with papillary
RCC.°7! A predominantly exophytic AML may be confused as a
well-differentiated perirenal liposarcoma. These liposarcomas, also
known as “capsular liposarcomas” due to their close association
with the renal capsule, may displace or distort the kidney,
however, do not possess the angular morphology of AMLs and
are not associated with renal parenchymal defects (Fig 5B and C).
The above fact applies to renal sinus liposarcomas as well;
however, in cases of primary intrarenal liposarcoma, a parenchy-
mal defect will invariably be present.”” Presence of large intrale-
sional vessels suggests AML since well-differentiated liposarcomas
tend to be relatively avascular. In addition, the vascular pedicle of
AML traverses the renal parenchyma, whereas that of liposarcomas
often arise from the capsular branches and course around the
kidney to supply the tumor. Presence of calcification also strongly
favours the diagnosis of liposarcoma.”> AMLs are also confused
with junctional parenchymal defects (JPD), cortical scars and
postoperative defects packed with perirenal fat. JPD, which result
from incomplete fusion of the renunculi, can be identified by their
typical location (junction of upper pole and interpolar region) and
communication with the renal sinus fat.

The concept of reserving biopsies only for inoperable RCC, poor
surgical candidates, suspected metastases, infection, and lym-
phoma is outdated. The prospect of undergoing less radical
therapeutic options (nephron sparing surgeries or percutaneous
ablation) or even conservative therapy has increased the rate of
biopsy for renal masses smaller than 3 cm and suspected minimal
fat AMLs.”*7>

Angiomyolipomas with macroscopic fat should be sampled
when there is intratumoral calcification and large enhancing
component, the target being the enhancing solid component of
the tumor. Cytology or core biopsy both can be performed,
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FIG 4. Multiphase MRI of a minimal fat AML showing a well-defined “ball type” mass arising from the kidney in the interpolar location. The mass is homogenously
hypointense on T2-weighted images (A). In comparison to the in-phase images (B), there is focal area of signal loss (arrow) on the opposed-phase images (C), suggestive of
intravoxel microscopic fat. The mass shows diffusion restriction on the trace DWI image (D) as well as the corresponding apparent diffusion coefficient (ADC) map (E). There
is early homogenous, intense enhancement in the corticomedullary phase (F), followed by washout in the nephrographic phase (G). This mass is a poor candidate for partial
nephrectomy because of its interpolar location and renal sinus involvement.

FIG 5. The imaging differentials for a fat containing renal or perirenal mass. (A) A case of clear cell RCC showing a heterogeneously enhancing mass arising from the lower
pole of right kidney, causing invasion of the renal vein and inferior vene cava. Note the area of entrapped renal sinus fat (arrow) within the mass. (B) A case of well-
differentiated perirenal liposarcoma causing displacement as well as rotation of the right kidney. Note the well-defined interface between the fatty as well as solid
components of the tumor and the kidney. A focus of dystrophic calcification is present (arrow). A parenchymal defect is distinctly absent and the mass is hypovascular. (C) In
comparison, a case of AML shows the parenchymal defect (D) in the kidney as well the presence of large intratumoral vessels.
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although the latter carries a higher risk of hemorrhage and
pseuodaneurysm formation. However, in most cases, the hemor-
rhage is mild and self limiting with renal biopsy being a safe
procedure as long as coagulopathies and bleeding disorders are
ruled out.” There is no evidence currently suggesting increased
incidence of needle track seeding for either of the procedures. In
case of TSC, where the diagnosis of minimal fat AML can be made
with more confidence, biopsy need to be reserved only for tumors
with growth rate more than 0.5 cm per year.”®

Radiologic Findings of Epitheloid AML

The imaging appearance of EAMLs depends on the proportion
of fat. Pure or near-total EAMLs often demonstrate no fat on
imaging. The imaging appearances are variable, ranging from
hyperattenuating, homogeneously enhancing masses resembling
minimal fat AML to heterogeneous enhancing masses with
necrosis and hemorrhage like RCC.””"”® However, calcification is
almost never seen. EAML are potentially malignant with risk of
extrarenal extension, local recurrence, malignant venous throm-
bosis (Fig 6), lymphatic and hematogenous metastasis.

Treatment

Asymptomatic AMLs smaller than 4 cm require no treatment,
but need to be followed up with annual sonography, CT or MRI.
Symptomatic AMLs, regardless of size, can be offered treatment-
either partial nephrectomy or SAR. Asymptomatic sporadic AMLs
larger than 4 cm carry significant risk of bleed (Fig 7) and tradi-
tionally were always offered treatment, however, the new school
of thought allows observation in most cases. These authors

recommend treatment only when the tumor contains an aneur-
ysm larger than 5 mm, the only finding which reliably predicts
future hemorrhage.”® The 2012 International Tuberous Sclerosis
Complex Consensus Group recommends medical management
with mTOR inhibitors for all asymptomatic AMLs larger than
3 cm in TSC patients.”®

Previously, the treatment of choice was surgery and several
centers still practice surgery for AML. Hence, it becomes prudent
for the radiologist to communicate to the operating surgeon
information regarding the imaging features which could predict
a potentially difficult surgery. This is best done by the means of
any of the several nephrometric scores which help in objectifying
decision-making as to the nature of resection (partial vs radical
nephrectomy) and the surgical approach (open vs minimal inva-
sive partial nephrectomy) required.®® These nephrometric scores
include the RENAL score, centrality index score and PADUA score.
Most experience is with the RENAL score, which assesses the size
of the tumor, percentage of exophytic component, nearness to the
renal sinus or collecting system, anterior or posterior location and
polarity (Table 2).8! Tumors of low complexity (RENAL score of 4-6
of 12) are more suitable for minimal invasive (laparoscopic) partial
nephrectomy. Presence of complex features (diameter above 7 cm,
entirely endophytic nature, involvement or renal sinus and inter-
polar location increase the risk of intraoperative bleeding, oper-
ative time, and postoperative complications (renal failure and
urinary fistula) and hence necessitate radical nephrectomy. In
comparison to RCCs, AML tends to have lower RENAL scores and
hence are mostly treated by partial nephrectomy (nephron sparing
surgery).

More recently SAR, being minimally invasive, has superceded as
the therapeutic option of choice especially in patients with acute
bleed and hemodynamic compromise.® SAR has been observed to
have excellent technical success rate, preserves renal function, is

FIG 6. A case of AML causing venous invasion. (A) Ultrasound images, showing a large echogenic mass (M) in the right renal fossa causing anterior displacement of the right
kidney (RK). (B) On sagittal images, the inferior vene cava (V) is distended with echogenic thrombus. (C) Four-chamber view of the heart shows extension of the echogenic
thrombus (T) into the right atrium (RA). (D) Coronal CECT images confirm the presence of large AML causing anterosuperior displacement of the right kidney with

intravascular tumor thrombus extending into the right atrium.
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FIG 7. Two cases of renal AML which underwent acute spontaneous hemorrhage. (A and B) The first case shows a large fat containing mass in the right posterior perirenal
space with acute intratumoral bleed (B) and layering of clot (C) around the lesion. Note the associated wedge shaped defect (arrow) in the posterior renal cortex. (C and D)
The second case shows a large left renal mass having intralesional fat and hyperattenuating areas suggestive of acute bleed. The hemorrhage has obscured large areas of fat

within the lesion.

suitable for large inoperable tumors, provides rapid stabilization in
patients with acute bleed and is associated with lesser post
procedural complications than surgery.®> One systematic review
observed a technical success rate of 93% for SAR, with the mean
tumor size reduction being 3.4 cm (38%) at follow up after an
average of 39 months.®> Tumor size reduction is better for tumors
with larger angiomyomatous component than fat.®* Repeat embo-
lization was required in 21% of the patients, mostly due to tumor
regrowth.® Surgery is currently reserved for tumors with diag-
nostic dilemma, hilar tumors and those with complex vascular
anatomy, where the risk of technical failure with SAR is high.

For embolization, superselective catheterization of the feeding
artery is done, followed by release of the embolizing agent till
stasis of contrast occurs in the vessel (Fig 8). Many embolizing
agents have been evaluated including polyvinyl alcohol (PVA),
absolute alcohol (with or without iodized oil) and tris-acryl gelatin
microspheres (TAGM); however, none has any selective advantage

TABLE 2
The RENAL nephrometric scoring system

over the others.®> Absolute alcohol causes protein denaturation,
acute thrombosis and permanent occlusion at the arteriolar and
capillary level, distal to the collateral supply and hence produces
tumor ischemia and necrosis. However, it carries higher risk of
reflux and nontarget embolization. Hence, a proximal occlusion
balloon often has to be employed to slow the inflow and obtain
better control of injection.®® Microparticles (PVA and TAGM) act by
lodging into vessels (arterioles or capillaries, depending on the
particle size) and inciting inflammatory reaction, followed by
angionecrosis, fibrosis and occlusion. TAGM is preferred since its
smooth and spherical shape enables occlusion of the smaller, distal
vessels unlike PVA which often tend to aggregate in more proximal
vessels due to their irregular shape.?”

Coils alone should not be used for embolization since they
render future re-embolization impossible in cases where tumor
reperfusion and growth occurs from recruitment of distal collat-
erals.®® In addition, several cases of tumor rebleed have been

Score 1 point 2 points 3 points

R (maximum diameter in cm) <4 >4 and <7 >7

E (exophytic/endophytic) > 50% exophytic < 50 exophytic Completely endophytic
N (nearness to sinus/PCS in mm) >7 >4and <7 <4

A (anterior/posterior location)
L (location relative to polar lines)

No points; a, P, and x descriptors given
Entirely above or below the polar lines

< 50% of mass between the polar lines

Entire mass or > 50% between the polar lines

Range of possible scores: 4-12. Low complexity (4-6 points), moderate complexity (7-9 points), high complexity (10-12 points); PCS: pelvicalyceal system.
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FIG 8. A large left renal AML treated by selective arterial embolization. (A) Coronal CECT images showing a large exophytic mass arising from the lower pole of left kidney
having large arterial feeders (arrows). (B) Preembolization contrast run of the renal artery showing the large arterial feeders, tumor blush and a small aneurysm (arrow).
(C) Contrast run after embolization with 20% glue (in lipiodol) showing marked pruning of the feeder arteries and absence of tumor blush. Note the glue cast (arrows) in the

embolized distal arteries.

observed in the first few days after embolization with micro-
particles and alcohol. One hypothesis is the increased proximal
vascular pressure following occlusion of the distal vascular bed
which results in aneurysmal rupture. Hence, one technique could
be to perform proximal embolization with coils to reduce the
arterial inflow after the distal bed has been occluded with alcohol
or microparticles.®*® Of late, glue (N-butyl 2-cyanoacrylate) has
been explored since it is cheaper and provides rapid embolization
especially in large tumors. A high dilution (1:5) of glue in lipiodol
enables rapid distal as well as proximal vascular bed occlusion.””
In patients with multiple intratumoral aneurysms presenting with
acute bleed, it may be difficult to localize the aneurysm respon-
sible for the bleed on angiography since active extravasation is
rarely seen. In this context, the presence of mass effect around an
aneurysm with displacement of the adjacent vessels (light bulb
sign) indirectly indicates perianeurysmal hematoma and the
source of bleed.®°

SAR carries risks of higher rate of recurrence, nontarget
embolization and postembolization syndrome. The latter, which
had an incidence of 36% in one systematic review, usually occurs in
the first 72 hours after embolization due to local and systemic
inflammatory response to the ischemic tumor®® Symptoms
include fever, nausea, flank pain and leucocytosis, and are propor-
tionate to the size of the infarct. It can be managed conservatively
with analgesics and anti-inflammatory agents.®!

Recently, percutaneous or laparoscopic ablation (radiofre-
quency, microwave, and cryoablation) has also been evaluated in
the management of small asymptomatic AMLs.”>> However, the
experience and evidence with these modalities is insufficient at
present. Radiofrequency ablation appears to have excellent tech-
nical success rate with favorable complication profile as well as
renal function outcomes. It is best suited to solitary tumors smaller
than 4 cm and is unsuitable for tumors with large vessels or acute
bleed. Transient hematuria and intercostal nerve injury are
described complications.®”

Malignant AML is always managed by partial or radical neph-
rectomy followed by adjuvant chemotherapy. Pregnancy and poor
compliance to follow up are other indications for treatment.”* The
recent discovery of mTOR cascade activation has opened the way
for mTOR inhibitors—rapamycin (sirolimus), everolimus, and tem-
sirolimus in the management of AML. These drugs have been used
to induce tumor size regression, reduce the gross tumor burden in
patients with TSC and as adjuvant therapy in malignant EAML.9>-%¢

Conclusion

Classic AML rarely raises diagnostic concerns, however, has to
be viewed with caution for the presence of calcification or large
enhancing component. When in doubt, sampling is required to

avoid missing an RCC. Minimal fat AML can be difficult to differ-
entiate from other renal tumors. It is prudent for the radiologist to
look for imaging features which suggest AML. Any renal mass
which shows angular morphology, is homogenously hyperattenu-
ating on CT, hypointense on T2-weighted images and shows
homogenous hyperenhancement with or without drop of signal
on opposed-phase images has to be labeled as “suspicious for
minimal fat AML,” so that the patient receives sampling and an
unwanted surgery is potentially avoided. In addition, nephrometric
scores have to be conveyed to help the surgeon assess the ease of
resection when partial nephrectomy is planned. Image-guided
interventions have superceded surgery as the treatment of choice
and can give excellent outcome with lesser complications when
proper technique is used. Newer minimally invasive percutaneous
ablation techniques hold promise and may gain more importance
in the future once sound scientific evidence becomes available.
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