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A B S T R A C T

Recently, a new classification of renal angiomyolipoma (AML) has been introduced to clinical practice. This
classification categorizes AMLs into three subtypes (fat-rich, fat-poor, and fat-invisible AMLs) based on quan-
titative CT and MRI criteria. Radiologists who get used to previous AML classification may have questions about
how to apply a new classification. The purpose of this review is to answer the questions that are frequently asked
about the new AML classification.

1. Introduction

Angiomyolipoma (AML) is a very common benign renal tumor
[1,2]. Most AMLs are not difficult to identify because the lesions have
abundant fat, which can be easily detected using computed tomography
(CT) or magnetic resonance imaging (MRI) [3–5]. In contrast, some-
times AMLs can be challenging to diagnose preoperatively if they have
too little fat to be detected on CT or MRI [5–8]. Jinzaki et al. [6,7] first
used the terminology “AML with minimal fat” to describe these unusual
AML cases. However, investigators use various terminologies for these
unusual AMLs, resulting in serious confusion to readers and other re-
searchers [6,8–14].

Recently, two kinds of AML classification [3,4] were introduced in
defining renal AMLs. One is the Jinzaki classification, published in 2014
[4], in which clinical, radiological, and pathological features are de-
scribed for each AML subtype. The other classification was published in
2016 by Song et al. [3]. They reported a classification based only on
radiological features, in which AML subtypes were classified according
to quantitative CT or MRI features [3].

The Song classification significantly differs from the Jinzaki classi-
fication which might be confusing. The purpose of the current review is
to answer questions that are frequently asked about these recent AML
classifications.

2. Frequently asked questions

2.1. First question: do we really need a new classification of AML?

The Song classification is based only on radiological features. The
subtypes of AML are determined by quantitative CT or MRI features
(Table 1) [3,5,15]. Classifying AML subtypes is easy for a beginner, as
well as an expert and demonstrates excellent inter-reader agreement
between a resident and radiologist [3]. CT classifies fat-rich AML versus
fat-poor AML, with a threshold of −10 HU (Figs. 1 and 2) [3,5]. MRI
further differentiates fat-poor AML from fat-invisible AML, in which the
tumor-to-spleen ratio (TSR) and signal intensity index (SII) are used on
chemical shift imaging, with thresholds of 0.71 and 16.5%, respectively
(Figs. 2 and 3) [3,5]. TSR is defined as (SIOP of AML/SIOP of spleen) /
(SIIPof AML/SIIP of spleen) [3]. SII is defined as [(SIIP ofAML− SIOP of
AML)× 100] / SIIP of AML [3]. SIOP and SIIP indicated signal intensities
on opposed-phase and in-phase images, respectively [3]. As a result, the
Song classification is feasible and reproducible in classifying renal
AMLs [3].

The Jinzaki classification does not provide quantitative MRI criteria
(Table 1) [4]. Therefore, differentiating AML subtypes relies only on
qualitative (visual) assessment to determine whether there is a signal
drop on opposed-phase MRI. This subjective MRI criterion can influence
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the characterization of isoattenuating AML or hyperattenuating AML
[3,5,15]. The Jinzaki classification classifies renal AML into two sub-
groups including sporadic AML and syndrome AML [4]. Sporadic AML
consists of classical AML and fat-poor AML. Fat-poor AML includes
isoattenuating AML, hyperattenuating AML, AML with epithelial cyst,
and epitheliod AML. Syndrome AML consists of AML with tuberous
sclerosis complex and AML with lymphangioleiomyomatosis. There-
fore, AMLs with tuberous sclerosis complex is considered as another
subtype [4]. However, this classification appears redundant in terms of
differentiating sporadic and syndrome AMLs [4]. This is why AMLs with
tuberous sclerosis can be described with the sporadic AML subtypes
alone.

From this point of view, simplifying the AML classification with
quantitative CT or MRI criteria helps standardize AML terminology,
which will consequently enhance communication between researchers,
and lead to appropriate management. Therefore, the Song classification
may help radiologists to eliminate confusion resulting from the varied
renal AML terminologies [5].

2.2. Second question: can renal AMLs be fully classified into three
categories [16]?

Song et al. have shown that the subtypes of AML are not based on
pathological features, but rather on radiological features alone
(Table 1) [3,5]. If an AML measures −10 HU or less on CT, the subtype
is defined as fat-rich AML (Fig. 1) [3,5]. If an AML measures more than

−10 HU, the subtype should be fat-poor or fat-invisible AML [3,5]. If,
on MRI, the TSR is< 0.71 or the SII is> 16.5%, then subtype is fat-
poor AML (Fig. 2) [3,5], while fat-invisible AML is defined with a TSR
of 0.71 or more and an SII of 16.5% or less (Fig. 3) [3,5]. Therefore, all
AMLs can be classified into three categories as follows: fat-rich AML,
fat-poor AML, and fat-invisible AML [15]. This question is usually posed
by radiologists who are already familiar with the Jinzaki classification,
in which classifying AMLs requires clinical, genetic, radiological, and
histological considerations [16]. For example, patients with tuberous
sclerosis complex tend to have multiple and bilateral AMLs [17], which
can be fully categorized into the three subtypes of the Song classifica-
tion. Tuberous sclerosis complex can be diagnosed with clinical back-
ground, radiological findings, and genetic analysis [18,19]. The main
problems of these patients are sudden bleeding, abdominal distention,
or progressive renal impairment due to rapid growth of AMLs [20–23].
After all, AML with tuberous sclerosis is not necessary in the Song
classification because it is a radiologic classification.

The Jinzaki classification provides quantitative CT criteria, but not
quantitative MRI criteria for AML classification (Table 1). Given these
subjective MRI criteria, the results from different studies can vary, even
though they are dealing with AMLs with a small amount of fat
[10,24–26]. Moreover, these subjective MRI criteria have confused in-
vestigators, and thus varied terminology has been used to indicate
AMLs with a small amount of fat [3,5,8].

2.3. Third question: can AML with epithelial cyst or epithelioid AML be
classified using the Song classification [27]?

These AML subtypes do not exist in Song classification. These sub-
types are extremely rare variants of AML [28–32]. Almost all have too
little fat to be detected with CT or MRI [4,33]. Subsequently, they are
classified as fat-invisible AML using the Song classification [4,34]. AML
with epithelial cyst frequently manifests as a Bosniak III or IV cyst, so
that these lesions are postoperatively diagnosed [4,28–30]. Epithelioid
AML shows clinically malignant behavior, such as vein thrombosis,
rupture, or metastasis [31,32,35,36]. These AML subtypes are almost
impossible to preoperatively diagnose with CT or MRI. Furthermore, it
is not easy to histologically confirm these AML subtypes using percu-
taneous biopsy alone [4]. Therefore, identifying these AML subtypes is
beyond the ability of a radiologist [34]. Even though biopsy confirms
epithelioid AML, the treatment plan cannot be altered because this
subtype of AML should be surgically removed due to its malignant
potential [35]. As a result, these variants can only be histologically
classified, and cannot be categorized with radiological classification.

2.4. Fourth question: are fat-poor AML and fat-invisible AML on Song
classification the same as isoattenuating AML and hyperattenuating AMLs
on Jinzaki classification, respectively [27]?

Fat-poor AML on the Song classification is quite different from
isoattenuating AML on the Jinzaki classification, in terms of diagnostic

Table 1
Comparison of AML subtypes in Song and Jinzaki classifications.

AML classification AML subtypes Imaging criteria

CT MRI

Song classification Fat-rich AML −10 HU or less NA
Fat-poor AML More than −10 HU TSR < 0.71 or SII > 16.5%
Fat-invisible AML More than −10 HU TSR≥0.71 and SII≤ 16.5%

Jinzaki classification Classic AML Less than −10 HU NA
Iso-attenuating AML −10 HU–45 HU §Positive CSI
Hyperattenuating AML >45 HU §Negative CSI

Note – AML, angiomyolipoma; NA, not applicable; TSR, tumor-to-spleen ratio; CSI, chemical shift imaging.
§ Signal drop is visually assessed.

Fig. 1. Fat-rich AML in a 60-year-old woman.
An axial unenhanced CT image (3mm section thickness) shows a left renal
hyperdense mass (white arrow) containing multifocal hypodense areas. A re-
gion of interest (white circle) is placed in the most hypodense area, which is
measured −62 HU. The other hypodense areas (black arrowheads) is also
measured less than −10 HU. These finding are suggestive of a fat-rich AML.
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criteria and imaging features (Table 1). On unenhanced CT, fat-poor
AML is defined as a lesion that measures more than −10 HU [3], while
isoattenuating AML is defined as a lesion that measures between −10
HU and 45 HU [4]. On chemical shift MRI, fat-poor AML is defined as a
lesion in which the TSR is< 0.71 or the SII is> 16.5% (Fig. 2) [3],
while isoattenuating AML does not have quantitative criteria [4]. Jin-
zaki et al. [4] defined isoattenuating AML as a lesion showing signal
drop on opposed-phase MRI with visual assessment. Besides, this AML
terminology is a misnomer because “isoattenuating” indicates that the
renal mass density is the same as the renal parenchymal density. An
isoattenuating AML which measures between −10 HU and 10 HU,
appears as a hypoattenuating renal cyst [3,5]. Therefore, we wonder if
this subtype can appropriately be named as an isoattenuating AML.

Fat-invisible AML on the Song classification appears to be similar to
hyper-attenuating AML on the Jinzaki classification (Table 1). How-
ever, these AML subtypes totally differ from each other in terms of
terminology definition. Fat-invisible AML is defined as a lesion with an
attenuation value of more than −10 HU, a TSR of 0.71 or more, and a
SII of 16.5% or less (Fig. 3). Hyper-attenuating AML is defined as a
lesion in which attenuation value measures 45 HU or more and signal
drop is absent on opposed phase MRI.

Another problem in the Jinzaki classification is that quantitative CT
criteria is inconsistent with qualitative MRI assessment [3,5,15,34]. If
an AML measures 20–45 HU, the lesion may not show signal drop on
opposed phase MRI (Fig. 3). Although this AML cannot be categorized
with the Jinzaki classification, the Song classification classes it as a fat-

invisible AML. If an AML measures 45 HU or more, the lesion may show
signal drop on opposed phase MRI. Again, although the Jinzaki classi-
fication cannot classify this AML, the Song classification can classify it
as a fat-poor AML. Similar findings were also encountered when eval-
uating adrenal adenoma with CT and MRI [37–39].

The Song classification has also limitations. First, this classification
does not provide any information on clinical findings, genetic back-
ground, histological findings, and prognosis because it is a radiologic
classification. Second, this classification does not contain information
on management based on genetic or histological findings, either.
Therefore, this classification little suggests treatment plan or guideline.

2.5. Fifth question: what subtypes of AML requires percutaneous biopsy?

Generally, percutaneous biopsy is not recommended for fat-rich
AML cases, because fat, which is a hallmark of AML, is easily identified
on CT images (Table 2) [3–5]. Reportedly, however, fat can be detected
in renal cell carcinomas (RCCs), although the incidence of this is ex-
tremely rare (Fig. 4). These unusual RCCs have characteristic imaging
features. Large RCCs [40–44], relatively small fat foci [40–44], calci-
fications [42,45], cystic change [40], or necrosis [41,42] are frequently
detected in fat-containing RCC (Fig. 4). Clinically, these RCCs are not so
male dominant [40,44,45]. Percutaneous biopsy should be re-
commended to exclude a RCC when these radiological findings are
detected in a renal mass with fat (Table 2).

The necessity of biopsy is still controversial in patients with fat-poor

Fig. 2. Fat-poor AML in a 57-year-old man.
A. An axial unenhanced CT image shows a right renal hyperdense mass (white arrow) in which hypodense areas (black arrowheads) are measured 18–24 HU. The
other area is more hyperdense than renal parenchyma (asterisk).
B. An opposed-phase coronal MR image (left side) shows focally hypointense areas (black arrowheads) in the right renal mass (white arrow). An in-phase axial MR
image (right side) shows that the corresponding areas (black arrowhead) are isointense or slightly hyperintense. These findings suggest focal fat deposition. Tumor-
to-spleen ratio and signal intensity index are 0.12 and 68.7%. This lesion was histologically confirmed as AML by percutaneous biopsy.
C. T2-weighted coronal MR image shows that the right renal mass (white arrow) is hypointense. A white arrowhead indicates a slightly hyperintense focus, which is
well correlated with focal fat deposition on chemical shift MR image.

Fig. 3. Fat-invisible AML in a 54-year-old man.
A. An axial unenhanced CT image (3mm section
thickness) shows a right renal mass (white arrow)
which is homogeneously hyperdense. The lesion
attenuation value is measured 37 HU.
B. Opposed-phase (left side) and in-phase (right
side) axial MR images show no signal change in
the right renal mass (white arrow). Tumor-to-
spleen ratio and signal intensity index are 1.32
and 1.2%. This lesion was histologically con-
firmed as AML by percutaneous biopsy.
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AML (Table 2) [3,5]. Many clear cell RCCs also show signal drops be-
cause of abundant intracytoplasmic lipid [25,46–48]. Thus, radiologists
need to know how to differentiate fat-poor AML from clear-cell RCC.
We have experienced characteristic patterns of signal drops in AML and
RCC. Fat-poor AMLs tend to have a focal signal drop (Fig. 2) [3,5],
while clear cell RCCs tend to have a diffuse signal drop (Fig. 5) [8]. Fat-
poor AML in which signal drop is invisible, is hyperdense on un-
enhanced CT because of abundant muscle [3,5,8]. However, clear cell

RCC is hypodense on unenhanced CT because of abundant intra-cyto-
plasmic lipid (Fig. 5) [3,5,8]. Moreover, T2-weighted MRI shows that
fat-poor AMLs are hypointense as compared with renal parenchyma,
whereas clear cell RCCs are hyperintense as compared with renal par-
enchyma (Figs. 2 and 5) [8]. Further investigation is necessary to va-
lidate these differential MRI features. Radiologists should not be re-
luctant to perform biopsy if discriminating AMLs and RCCs are not clear
on chemical shift MRI.

Fat-invisible AML should be biopsied to exclude non-clear cell RCC
for the same reason than hyperattenuating AML (Table 2) [8,49]. Both
lesions appear homogeneously hyper-attenuating on unenhanced CT,
hypointense on T2-weighted MRI, and homogeneously enhancing on
contrast-enhanced CT and MRI [49–51]. For this reason, we cannot rely
on CT or MRI features to differentiate fat-invisible AMLs and non-clear
cell RCCs. Biopsy is essential for patients with fat-invisible AML to
avoid unnecessary surgery.

2.6. Sixth question: how should a region of interest (ROI) be drawn for fat
detection?

The size or location of a ROI is of great importance to classify renal
AMLs [3,5]. The following steps are necessary for precise fat detection.
First, great care should be taken to find a hypo-attenuating area on CT
images or a hypo-intense area on opposed MR images [3,5]. Second, the
size or shape of a ROI should be controlled to fit within the margin of
fat (Fig. 1) [3,5]. A ROI should not be drawn beyond the margin of fat
to avoid partial volume effect. Slice thickness should necessarily be<
5mm [4]. Fat may be missed if the slice thickness is 5mm or more.
Third, the corresponding area should be searched on in-phase MR
images [3,5]. Currently-available MRI scanners provide dual-echo se-
quencing to simultaneously obtain both in-phase and opposed phase
images [8,39]. Thus, it is not difficult to detect the corresponding area
on in-phase MRI to calculate the TSR or SII. Ideally, as it is allowed by
some software, the ROI could be copy-pasted from one image to an-
other, copying exact location and size. For a fat-rich or fat-poor AML,
the size or location of a ROI is crucial for characterization and classi-
fication. For a fat-invisible AML, the size or location of a ROI is not a
major problem because the lesion texture is homogeneous.

Song et al. [3] demonstrated that only a small number of AMLs
analysis and classification were discordant between a resident and a
radiologist. Most of discordances resulted from the inappropriate size or
location of the ROI [3]. Therefore, controlling the ROI is the most im-
portant step for precise fat detection.

Fig. 4. Papillary RCC in a 50-year-old man.
An axial unenhanced CT image (3mm section thickness) shows a left renal mass
(white arrow), in which a hypodense area (white arrowhead) is measured −52
HU, suggesting fat. A black arrowhead indicates calcifications.

Fig. 5. Clear cell RCC in a 66-year-old man.
A. An axial unenhanced CT image shows a right renal mass (white arrow) which is more hypodense than renal parenchyma (asterisk). The lesion attenuation value is
21 HU.
B. An opposed-phase axial MR image (left side) shows a diffusely hypointense area in the right renal mass (black arrow). An in-phase axial MR image (right side)
shows that the lesion (black arrow) is diffusely hyperintense. Tumor-to-spleen ratio and signal intensity index are 0.34 and 42.6%, respectively.
C. T2-weighted coronal MR image shows the lesion (white arrow) is heterogeneously hyperintense. These findings suggest abundant intracytoplasmic lipid. This
lesion was histologically confirmed as a clear cell RCC by surgery.

Table 2
AML subtypes in Song classification: biopsy necessity and differential diagnosis.

Subtypes in Song
classification

Necessity of biopsy Differential diagnosis

Fat-rich AML No but exceptionally Yes Fat-containing RCC
Fat-poor AML Still unknown Clear cell RCC
Fat-invisible AML Yes Non-clear cell RCC

Note – AML, angiomyolipoma; RCC, renal cell carcinoma.
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3. Conclusion

Two kinds of AML classifications are now available for clinical
practice. Since the Song classification is based on objective CT and MRI
criteria, it can help enhancing terminology standardization and im-
proving inter-researcher communication. Being familiar with the an-
swers to these frequently asked questions could help understanding of
the new radiological classification of renal AMLs.
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