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Abstract

Objective: The aim of the study was to analyze MR
imaging features of renal epithelioid angiomyolipoma
(EAML).
Methods: This study included 17 patients with
histopathologically confirmed renal EAML who under-
went renal MRI scanning before radical or partial
nephrectomy. MR images were retrospectively reviewed
and correlated with pathological findings.
Result: Fifteen lesions (88.2%) appeared as round or
oval. The tumor-kidney interface was round in 14 lesions
(82.4%). Fifteen tumors (88.2%) presented mainly isoin-
tensity on T1WI, and eleven tumors (64.7%) presented
mainly hypointensity on T2WI. Twelve lesions (70.6%)
showed restricted diffusion on DWI, and the mean ADC
value was 1.23 ± 0.28 9 10-3mm2/s. Minimal fat com-
ponent was identified as loss of signal intensity on
opposed-phase MR images in 6 cases (35.3%). Sixteen
lesions (100%) demonstrated inhomogeneous enhance-
ment, and 7 of 16 masses (43.8%) showed reticular
enhancement. Rapid wash-in and wash-out enhancement
was seen in 13 masses (81.3%). In the corticomedullary
phase, the mass showed markedly enhancement in 14
cases (87.5%). The irregular vessels and hemorrhage were
detected in 4 cases (23.5%) and 7 cases (41.2%), respec-
tively. One patient (5.9%) had a lymph node involvement
at initial diagnosis, and showed distant metastasis after
operation. In the immunohistochemical analysis, 15
tumors (88.2%) were positive for melanocytic marker
(HMB45 or Melan-A), and all cases (100%) were
negative for epithelial-associated markers (CK or AE1/
AE3).
Conclusion: The presence of hypointensity on T2WI,
restricted diffusion on DWI, round tumor-kidney inter-
face, reticular, and marked enhancement (rapid wash-in

and wash-out) should further raise suspicion for renal
EAML. The diagnosis may be confirmed by pathological
analysis.
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Angiomyolipoma (AML) is the most common benign
mesenchymal renal neoplasm composed of variable
proportions of abnormal thick-walled blood vessels,
spindle cells, epithelioid smooth muscle cells, and adi-
pose tissue [1]. Epithelioid angiomyolipoma (EAML)
was first described as a rare variant of AML by Mar-
tignoni et al. and Mai et al. in 1995 and 1996, respectively
[2, 3]. Renal EAML is considered as a new category of
kidney neoplasms by the World Health Organization
Classification of Renal Neoplasms in 2016, and was
classified as a potentially malignant mesenchymal neo-
plasm with possible lymph node metastasis, local recur-
rence, and distant metastasis [4]. It belongs to a family of
perivascular epithelioid cell tumors (PEComas). The
histologic features of EAML are different from those of
classical AML, it instead consists predominately of
epithelioid cells. The new classification of tumors of the
kidney determined the diagnostic criteria as having
epithelioid portion of more than 80% of the tumor [4].
The coexistence of EAML with tuberous sclerosis com-
plex (TSC) has been provided by some case reports and
several large series [5].

Classical AML can be easily diagnosed when the le-
sion is radiologically classic, with an identifiable adipose
tissue component [6, 7]. However, EAML contain mini-
mal or no fat to be characterized using conventional CT/
MRI, which may result in misdiagnosis [8–11]. The
radiological appearance of renal EAML has not beenCorrespondence to: Yan Chen; email: doctorchenyan626@sina.com
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well described or discussed in the literature so far [8–11].
In the present study, we aimed to retrospectively review
MRI imaging characteristics of 17 cases of renal EAML
in a single institution and provided a review of the lit-
erature. To our knowledge, this is the largest case series
about correlation of MR imaging features and patho-
logic findings following the 2016 WHO new pathologic
criteria of renal EAML.

Methods

Patients

This single institution retrospective study was approved
by the institutional review board, and informed consent
for Magnetic Resonance Imaging scanning had routinely
been obtained from each individual included in this
study. Between January 2005 and May 2017, seventeen
patients (13 women, 4 men) aged 23–61 years (mean
38.4 years) were surgically and pathologically diagnosed
as renal EAML. Eight patients underwent radical
nephrectomy, and nine patients underwent partial
nephrectomy. MRI examination was performed in all
cases before surgery. All the patients’ records including
disease associations, clinical presentation, follow-up
information, MR imaging features, and pathological
findings were reviewed and summarized.

MRI protocol

MR examinations were performed with the patient in a
supine position by using a 3.0-T imaging unit (GE Signa
Excite HDx GEHCGEHC) with a body phased-array
coil. For the MR images, the following sequences were
obtained: axial and coronal T2-weighted fast spin echo
sequences, transverse T1-weighted dual-echo in-phase
and out-of-phase sequences, transverse diffusion weigh-
ted images (DWI, b = 0, 800 s/mm2), and three-dimen-
sional fat-saturated T1-weighted dynamic contrast-
enhanced sequences. Gadopentetate dimeglumine
(0.2 mmol per kilogram body weight) was injected
intravenously at a flow rate of 3 ml/s by using a power
injector and followed by a 20-ml saline flush. The mask
images were obtained before contrast agent injection.
The post-contrast acquisition of corticomedullary phase
was obtained at 25–30 s, the nephrographic phase at
60–70 s, and the urographic phase at 180 s. Sixteen cases
underwent both MRI plain scanning and multi-phases
dynamic enhancement scanning, one case underwent
MRI plain scanning only.

MRI analysis

T1-weighted MR images, T2-weighted MR images, dif-
fusion weighted images with subsequent apparent diffu-
sion coefficient (ADC) maps measurement, and dynamic
contrast-enhanced MR images were evaluated in con-

sensus retrospectively by two genitourinary radiologists
with 10 and 3 years of experience in kidney MR imaging
respectively.

Qualitative analysis

Tumor location, tumor size, growth pattern, signal
intensity, existence of fat, heterogeneity, the pattern, and
degree of enhancement were evaluated in all cases. For
both T1-weighted and T2-weighted images, the signal
intensity of normal renal cortex was used as reference for
evaluating the signal intensity of the tumor: ‘‘hy-
pointensity’’ when lower than that of normal renal cor-
tex, ‘‘isointensity’’ when similar, ‘‘hyperintensity’’ when
higher. Restricted diffusion was defined as showing high
signal intensity on diffusion weighted images with high b
values and corresponding lower apparent diffusion
coefficient (ADC) values [12, 13]. Compared with the
surrounding normal renal cortex in the corticomedullary
phase, the degree of enhancement was classified into
three levels. If the enhancement of tumor was similar to
that of the normal renal cortex, the tumor was classified
as marked enhancement; if no or very little enhancement
was observed, the tumor was classified as mild
enhancement; if enhancement was intermediate between
marked enhancement and mild enhancement, the tumor
was classified as moderate enhancement.

Quantitative DWI

The region of interest (ROI) analysis of apparent diffu-
sion coefficient maps from DWI data was performed for
each renal mass by using Advantage workstation (ver-
sion 4.4; GE Medical Systems). The ROI was drawn in
the solid portion of lesion, avoiding regions of cystic
degeneration, necrosis, and haemorrhage. An average of
three measurements per lesion were performed. The
ADC value was recorded as mean and standard devia-
tion.

Pathologic evaluation

Initial histopathological diagnosis was available for all
patients after radical or partial nephrectomy. Gross
pathological characteristics were assessed. Histological
observation and immunohistochemical staining of mel-
anocytic markers and epithelial-associated markers were
performed to confirm the pathological diagnosis.

Results

Clinical information

The clinical features of all cases and follow-up data are
shown in Table 1. In our study, ten patients (58.8%)
showed an insidious onset, and tumors were incidentally
discovered in routine physical examinations. Five pa-
tients (29.4%) complained of abdominal pain and dis-
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comfort. One patient (5.9%) had weight loss, and one
patient (5.9%) presented as painless, gross hematuria.
None of all cases had history of tuberous sclerosis
complex. Follow-up of all cases lasted 7 – 116 months
(mean, 46.9 months). The patient with para-caval lymph
nodes involvement at the time of initial diagnosis showed
distant metastasis 4 months post operation. CT imaging
displayed the metastasis to retroperitoneal nodes, liver,
and right iliac fossa (Fig. 4E–G). All other patients did
not show any evidence of recurrence or metastasis.

MRI findings

The MR imaging characteristics are summarized in Ta-
ble 2. The lesions were in right kidney in 9 cases (52.9%)
and left in 8 cases (47.1%). The tumor diameter varied
from 0.9 to 16.2 cm (mean, 6.9 cm). Fifteen lesions
(88.2%) appeared as round or oval, two lesions (11.8%)
as lobulated. The tumor-kidney interface was round in
fourteen lesions (82.4%) (Fig. 1F). Angular interface was
observed in the other 3 lesions (17.6%). Thirteen cases
(76.5%) showed exophytic masses, and four lesions
(23.5%) were within kidney contours. Compared with the
surrounding normal renal cortex, 15 tumors (88.2%)
presented mainly isointensity on T1-weighted image, and
11 tumors (64.7%) presented mainly hypointensity on
T2-weighted image or fat saturated T2-weighted image
(Fig. 1A–C). Twelve lesions (70.6%) showed hyperin-
tensity on DWI, and the corresponding apparent diffu-
sion coefficient (ADC) values decreased (Fig. 1D–E).The
mean ADC value of all lesions was 1.23 ± 0.28 9 10-
3mm2/s.

The component of fat was identified as loss of signal
intensity on opposed-phase gradient-echo MR images in
6 cases (35.3%) (Fig. 4B). The tortuous and irregular
vessels in the lesion were detected in 4 cases (23.5%)
(Fig. 2), and lesions with hemorrhage were hyperinten-
sity on T1-weighted images in 7 cases (41.2%) (Fig. 4A).
Variable necrosis or cystic areas were present in 10 cases
(58.8%). One patient (5.9%) had a para-caval lymph

nodes involvement at the time of diagnosis (Fig. 4).
Tumor thrombus extending into the right renal vein was
seen in 2 cases (11.8%) (Fig. 3).

Sixteen lesions (100%) demonstrated inhomogeneous
enhancement, and 7 of 16 (43.8%) masses showed retic-
ular enhancement (Figs. 1F, G and 4C, D). Thirteen
masses (81.3%) enhanced similar to the normal renal
cortex in the corticomedullary phase, and obviously de-
creased enhancement in the nephrographic phase, which
can be defined as wash-in and wash-out (Fig. 1F, G).
One case (6.2%) demonstrated persistent enhancement.
In two cases (12.5%), the lesions displayed prolonged
enhancement. In the corticomedullary phase, the mass
showed markedly enhancement in 14 cases (87.5%), and
moderately enhancement in the other 2 tumors (12.5%).

Pathologic findings

Histopathological diagnosis of renal EAML was made in
all the 17 cases. The percentage of epithelioid component
ranged from 80% to 100%. Grossly all cases were typi-
cally solid, and complete capsule was observed in six

Table 1. Demographics, presentation, and follow-up data of 17 pa-
tients with renal EAML

Patient age (year), mean (range) 38.4 (23–61)
Sex distribution

Female 76.5% (13/17)
Male 23.5% (4/17)

Presentation
Asymptomatic 58.8% (10/17)
Abdominal pain and discomfort 29.4% (5/17)
Weight loss 5.9% (1/17)
Hematuria 5.9% (1/17)

With TSC 0/17
Metastasis at the time of diagnosis 5.9% (1/17)
Metastasis during follow-up 5.9% (1/17)
Follow-up period (m), mean (range) 46.9 (7 – 116)

Table 2. Radiologic characteristics in 17 cases of renal EAML

Location
Right kidney 52.9% (9/17)
Left kidney 47.1% (8/17)

Size (cm), mean (range) 6.9 (0.9–16.2)
Shape

Round/oval 88.2% (15/17)
Lobulated 11.8% (2/17)

Tumor-kidney interface
Round 82.4% (14/17)
Angular 17.6% (3/17)

Growth pattern
Exophytic 76.5% (13/17)
Within kidney contours 23.5% (4/17)

T1WI
Mainly isointensity 88.2% (15/17)
Other 11.8% (2/17)

T2WI
Mainly hypointensity 64.7% (11/17)
Other 35.3% (6/17)

DWI
Hyperintensity 70.6% (12/17)
Other 29.4% (5/17)

Heterogeneous enhancement 100% (16/16)
Reticular 43.8% (7/16)
Other 56.2% (9/16)

Pattern of enhancement
Wash-in and wash-out 81.3% (13/16)
Persistent enhancement 6.2% (1/16)
Delayed enhancement 12.5% (2/16)

Degree of enhancement in the cortico medullary phase
Marked enhancement 87.5% (14/16)
Moderate enhancement 12.5% (2/16)

Fat component
Identified on opposed-phase gradient-echo 35.3% (6/17)

Necrosis or cystic change 58.8% (10/17)
Tortuous and irregular vessels within tumor 23.5% (4/17)
Hemorrhage 41.2% (7/17)
Renal capsule or perinephric fat extension 52.9% (9/17)
Lymph nodes involvement 5.9% (1/17)
Tumor thrombus in renal vein 11.8% (2/17)
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cases (35.3%). Variable necrosis or cystic areas were
present in 12 cases (70.6%). Haemorrhage was seen in 9
cases (52.9%). Invasion of the renal capsule and perirenal
fat was present in 7 cases (41.2%) and 2 cases (11.8%),
respectively. Lymph node metastasis was seen in one
patient (5.9%). Renal vein involvement was present in 2
cases (11.8%). For the immunohistochemical analysis, 15
tumors (88.2%) were positive for melanocytic marker
(HMB45 or Melan-A). All cases (100%) were negative
for epithelial-associated markers (CK or AE1/AE3). The
positivity for Ki-67 ranged from 1% to 10% in 11 cases.

Discussion

As a new category of renal tumors, EAML has been
regarded as a potentially malignant mesenchymal neo-

plasm by the World Health Organization Classification
of Renal Neoplasms in 2016 [4]. The clinical presenta-
tions of EAML were varied and non-specific. In our
series, most of renal EAMLs were incidentally detected
by imaging. Its main clinical symptoms included chronic
intermittent abdominal discomfort, hematuria, loss of
weight, and so on. Like classical AML, EAML has been
described in patients with and without evidence of TSC,
as well as in the TSC2/PKD1 contiguous gene syndrome
[4, 5]. In a series of 194 cases, Aydin et al. described that
patients with EAML were more commonly associated
with TSC, compared to those without epithelioid com-
ponent (26.7% vs. 6.7%) [5]. In a series of 10 patients, Cui
et al. found no patient with TSC [8]. In our series, none
of all the cases had a history of TSC. Meanwhile, renal

Fig. 1. A 25-year-old woman with renal EAML. It shows
isointensity on axial in/opposed phase T1-weighted images
(B, C), mainly hypointensity on axial fat saturated T2-weigh-
ted imaging (A). Axial DW imaging (D) shows a renal tumor
with remarkable high signal intensity. Axial ADC map

(E) shows obviously diffusion restriction of the renal tumor.
Contrast-enhanced coronal T1-weighted imaging (F,
G) shows the mass with reticular, marked enhancement (ra-
pid wash-in and wash-out), and the mass has a round inter-
face with kidney (arrow).

Fig. 2. A 56-year-old
woman with renal EAML.
Axial fat-saturated T2-
weighted imaging (A) shows
vascular flow voids in mass
(arrow). Contrast-enhanced
axial T1-weighted imaging
(B) demonstrates the tumor
with enhancing vessel
(arrow).
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EAML is more likely to occur in females in our study,
which is concordant with previously published literature
[9, 10, 14, 15].

Verma et al. tried to categorize the exophytic renal
mass on the basis of an angular or round interface with
the renal parenchyma [16]. In our study, the tumor-kid-
ney interface was round in 14 lesions (82.4%). We have
noted that most of EAML have a round interface with
kidney, whereas classical AML and fat-poor AML have
an angular interface, with a definable apex within renal
parenchyma [16, 17]. In a series of 20 patients with fat-
poor AML, nine tumors showed angular interface with
renal parenchyma [18]. The results of our study suggest
that the presence of a round interface with the renal
parenchyma supports the diagnosis of EAML.

Tsukada et al. had showed that hypointensity on T2-
weighted image or fat saturated T2-weighted image is a
characteristic finding of renal EAML [9]. Eleven cases
(64.7%) presented mainly hypointensity on T2-weighted
image or fat saturated T2-weighted image. To our
knowledge, hypointensity on T2-weighted image could
also be observed in papillary RCC, chromophobe RCC
and minimal fat AML [19–23]. However, most of these
renal tumors have some unique imaging features that
may allow differentiation from EAML.

As we all known, classical AML can be easily diag-
nosed by detecting fat components on radiologic imag-
ing. However, due to the lack of visible fat on imaging,

renal EAMLs are often misdiagnosed as other renal
neoplasms, such as renal cell carcinoma, sarcomas, fat-
poor AML [5]. Cui and Jitsuro Tsukada identified no
intratumoral fat in all cases of their series [8, 9]. In a
series of nine patients, Froemming et al. found minor
components of fat in six patients [10]. In our study, the
minimal fat component was identified as loss of signal
intensity on opposed-phase gradient-echo MR images in
six cases (35.3%). This finding suggests that most renal
EAML has insufficient fat to be characterized, and signal
intensity drop on opposed-phase gradient-echo MR
images is helpful to detect microscopic fat, which is a
suggestive imaging finding.

The tortuous and irregular vessels were present in 4
lesions (23.5%). Like classical AML, the vessel is poorly
organized, sometimes which could cause hemorrhage [1].
Several studies of classical AML have reported that
thresholds of 4 cm for tumor size and 5 mm for size of
aneurysm have association with future bleeding [24]. In
our series, hemorrhage was observed in seven cases
(41.2%). In a series of nine patients, Froemming et al.
reported four cases of renal EAMLs with acute hemor-
rhage, and regarded it as a suggestive imaging finding
[10]. But it is not a specific finding of EAML, hemor-
rhage on T1-weighted image could also be observed in
classical AML, RCC, and other causes of hemorrhage
[25–27].

To date, only a few articles have reported the
enhancement characteristic of EAML. In our series,
sixteen lesions (100%) demonstrated inhomogeneous
enhancement, and 7 of 16 masses (43.8%) showed retic-
ular enhancement which were different from clear cell
RCC. Thirteen masses (81.3%) enhanced similar to the
normal renal cortex in the corticomedullary phase, and
obviously decreased enhancement in the nephrographic
phase. The enhancement degree was marked enhance-
ment in fourteen cases (87.5%) in corticomedullary
phase. To sum up, the pattern and degree of enhance-
ment of renal EAML may mimic the MRI findings of
clear cell RCC, but the reticular enhancement is a sug-
gestive characteristic of renal EAML.

In our series, twelve lesions (70.6%) showed restricted
diffusion on diffusion weighted images. The mean ADC
value of all renal EAML lesions in our study was
1.23 ± 0.28 9 10-3mm2/s. This finding may be ex-
plained by tissue cellularity and degree of cell membrane
integrity. In common renal lesions, published ADC val-
ues varied from 1.42 9 10-3 to 1.84 9 10-3mm2/s in
clear cell RCCs, 0.74 9 10-3 to 1.46 9 10-3 mm2/s in
classical AMLs, and 0.67 9 10-3 to 1.26 9 10-3 mm2/s
in fat poor AMLs, respectively [28–32]. Our study de-
rived lower ADC value for EAML than for clear cell
RCC, while there was overlap in ADC values between
EAML and AML (including classical AML and fat-poor
AML). Further work is needed to explore whether there

Fig. 3. A 23-year-old man with renal EAML. Coronal con-
trast-enhanced T1-weighted imaging shows a renal mass with
tumor thrombus extending into the right renal vein.
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is statistically significant differences in ADC values be-
tween EAML and other renal tumors.

In our study, one patient who had para-caval lymph
node involvement at initial diagnosis showed distant
metastasis after complete surgical resection, and died of
this disease finally. Before operation, MR images showed
a huge heterogeneous tumor originated from right kid-
ney with hemorrhage and necrosis. An enlarged
retroperitoneal lymph node was also observed. The tu-
mor and enlarged lymph node enhanced similar to the
normal renal cortex in the corticomedullary phase, and
obviously decreased enhancement in the nephrographic
phase. This disease progression may be associated with
large tumor size, presence of necrosis, lymph node
metastasis and involvement of perinephric fat tissue,
which is concordant with adverse prognostic parameters
for EAML proposed by Nese et al. [33]. In recent years,
there have been some different case reports and series of
renal EAML with metastatic and aggressive behavior
[14, 15, 33, 34]. The most common metastatic sites of
EAML are liver, followed by lung and other unusual
sites [14, 15, 33, 34]. The rate of recurrence or metastasis

is not consistent among different studies, with a wide
range from 0% to 51% [5, 14, 33, 34].

Because of potentially malignant behavior of EAML,
it should be managed as other malignant renal tumors
are [35]. Accordingly, surgical resection is justified for
patients. Meanwhile patients with renal EAML require a
careful follow-up for a long period. Treatment of renal
EAML patients with mTOR pathway inhibitor, such as
sirolimus or temsirolimus, had shown tumor regression
and favorable outcome in recent studies [36–38]. Con-
sequently, radiologic interpretation of the renal EAML
can be helpful in planning treatment and evaluating
treatment response.

To date, a variety of imaging features have been de-
scribed for the characterization of fat-poor AML. Our
study showed that most of MRI findings are significant
overlap between fat-poor AML and EAML. We suggest
that renal EAML should be considered when a patient
presents larger renal mass with round tumor-kidney
interface, especially with lymph node involvement. Our
results also indicate that in and opposed-phase gradient-
echo MR images is necessary, which is helpful to detect

Fig. 4. A 25-year-old woman with renal EAML and lymph
nodes involvement. Axial in/opposed phase T1-weighted
images (A, B) show loss of signal intensity and patchy
hyperintensity, which indicates fat component and hemor-
rhage respectively (arrows). Axial contrast-enhanced T1-
weighted images (C, D) show a large renal tumor and en-

larged retroperitoneal lymph node (arrow) with reticular
heterogeneous enhancement, and secondary pelvicaliceal
dilation is observed (arrowhead). Distant metastasis to liver,
right iliac fossa, and para-caval lymph node are detected
4 months after complete resection of all lesions (E–G).
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microscopic fat and differentiate EAML and poor-fat
AML from other renal tumors.

The present study had several limitations. Firstly, it
was a retrospective single-center study. Secondly, it has
mainly focused on the radiological appearance of renal
EAML, while comparisive study between imaging fea-
tures of renal EAML and other renal tumors did not be
included. Thirdly, because only one patient showed dis-
ease progression, it is not enough to compare the MR
findings to the benign or malignant behavior of EAML.

Conclusion

Most of patients with renal EAML are women and have
no characteristic clinical manifestations. The radiological
appearance of EAML has a tendency to be mainly
hypointensity on T2WI, restricted diffusion on DWI.
Inhomogeneous marked enhancement in the corti-
comedullary phase, especially reticular enhancement and
rapid wash-in and wash-out are also suggestive imaging
findings. The presence of a round interface with the
normal renal parenchyma supports the diagnosis of
EAML. Renal EAML has minor or no components of
identifiable fat on imaging. In general, most of renal
EAMLs have benign biological behavior, but it may have
malignant potential with recurrence and metastasis.
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