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A B S T R A C T

Purpose-objective: Epithelioid hemangioendothelioma (EHE) is a rare vascular malignancy with varying biologic
behavior. The purpose of this study was to identify imaging findings most characteristic of EHE.
Methods: Retrospective review of clinical and imaging records in patients referred to our Vascular Anomalies
Center over a 17 year period with biopsy proven EHE.
Results: We evaluated 29 patients (17 F) with median age of 16 years (range 2–76 y). The most common pre-
senting symptoms were pain (n= 13) and palpable mass (n=7). 22 (70%) had multifocal disease. Most
common sites of involvement were lung (n= 25), liver (n= 16), bone (n=12), soft tissue (n=3) and lymph
nodes (n= 1). Of patients with single site disease, 3 had lung, 3 liver, and 1 had bone lesions. In 18/25 with lung
disease, there were multiple nodules of varying sizes and characteristics. In 14/16 with hepatic disease there
were multiple nodules with predominantly peripheral distribution. Subcapsular retraction was seen in 10/16
and a “lollipop” sign (hepatic or portal vein tapering at the edge of a well-defined hypoenhancing lesion)
identified in 5/16. Of 12 osseous lesions, 11 were lytic, 8 involved vertebrae and 9 involved the axial skeleton.
Conclusion: EHE has varied imaging findings. The most common sites are lungs, liver, and bone, with multi-
organ involvement seen in most. Lung disease is most commonly characterized by multiple nodules. Hepatic
lesions demonstrate the most distinctive findings, with peripheral distribution, lack of early enhancement,
subcapsular retraction and “lollipop” sign. Osseous lesions are commonly lytic and more prevalent in the axial
skeleton.

1. Introduction

Epithelioid hemangioendothelioma (EHE) is a rare vascular malig-
nancy with intermediate behavior between that of benign hemangioma
and malignant angiosarcoma [1,2]. The entity was first described in the
soft tissues in 1982 by Weiss and Enzinger who evaluated 41 cases of
solid tumors of vascular origin with “epithelioid” or “histiocytoid” en-
dothelial cells [3]. The presentation, clinical course, and imaging ap-
pearance of EHE are variable, and its rarity adds to the challenge of
diagnosis. The purpose of this study was to review the imaging findings
in patients with biopsy proven EHE and identify features most char-
acteristic of the disease.

2. Materials and methods

In this institutional review board approved, Health Insurance

Portability and Accountability Act compliant retrospective study, in-
formed consent was waived.

Imaging and clinical records were reviewed in patients that were
referred to our Vascular Anomalies Center between 2001 and 2018 with
a histologically proven diagnosis with EHE. Only patients with radi-
ological studies were included. The imaging findings were evaluated
independently by 4 radiologists (YE, DE, FTC, GC) and discrepancies
resolved by consensus by at least 2 of the readers. Patient demographics
and presenting symptoms were recorded. When more than one imaging
study was available, the earliest study was used for initial evaluation
and compared to subsequent studies to evaluate temporal progression
as evidenced by changing size and/or number of lesions. Site of in-
volvement and pattern of lesion distribution were recorded.

Within the lung, the pattern of distribution was documented as
solitary or multiple pulmonary nodules. Nodules were classified as solid
or ground-glass. Ground-glass nodules were defined as subsolid nodules
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that were either pure ground glass or part solid. Images were evaluated
for associated pleural thickening and effusion.

In the liver, the location of lesions was classified as subcapsular if
the lesion abutted the capsule, peripheral if the lesion was within 2 cm
of the capsule but not adjacent to the capsule, or central if the lesion
was greater than 2 cm from the capsule. Associated capsular retraction
was documented. Evaluation for the presence of a hepatic or portal vein
tapering at or along the periphery of a well-defined peripherally en-
hancing lesion, the previously described “lollipop sign,” [4] was con-
ducted.

Osseous lesions were evaluated for pattern of bone destruction, re-
active sclerosis, periosteal reaction, cortical thinning, cortical expan-
sion, and associated soft tissue involvement.

3. Results

3.1. Clinical characteristics

There were a total of 29 patients (17 F) with a histologic diagnosis
of EHE. The median age at presentation was 16 years (range
2–76 years). Sixteen of the patients were less than 18 years of age, likely
because our institution is a pediatric referral center. The most common
presenting symptoms were pain (n= 13), mass (n=7), and constitu-
tional symptoms of fatigue and malaise (n=2); eight patients were
asymptomatic (Table 1). Twenty-two patients had multi-organ in-
volvement. The most commonly affected organs were lung (n=25),
liver (n=16), and bone (n=12). Less frequent sites of involvement
included skin and subcutaneous tissues [3] and lymph nodes [1].

3.2. Imaging findings

3.2.1. Lung
CT of the chest was available in all patients with reported lung in-

volvement. During follow-up an MRI of the chest was also performed in
3 patients. At initial presentation, the most common pattern of dis-
tribution was bilateral pulmonary nodules (18/25). Solid nodules were

identified in 17 these patients (Fig. 1), with some ground glass nodules
also seen in 7 of these patients. One patient had only ground-glass
nodules at presentation (Fig. 2). Nodule size was variable, ranging from
1 to 39mm. Six patients had a solitary solid pulmonary nodule. In 1
patient, the only chest finding was pleural thickening. Pleural thick-
ening was also seen in one patient with multiple pulmonary nodules
and a pleural effusion was identified in one patient with a solitary
pulmonary nodule. A small pneumothorax was identified in 2 patients.

Twenty patients with lung findings had follow-up imaging available.

Table 1
Summary of clinical features.

Patient Age at presentation (years) Gender Presenting symptom(s) Sites of involvement Biopsy site(s)

1 13 M Fever, pain Lung Lung
2 13 M Pain Lung, bone Bone -mandible/Lung
3 16 M Palpable hard palate lesion Lung, bone Hard palate
4 76 M Decreased appetite, pain Liver Liver
5 12 F Facial mass Lung, soft tissue Soft tissue
6 42 F Pain Liver, lung Liver
7 23 F Asymptomatic Liver, lung Liver
8 59 F Asymptomatic Liver, lung, bone Liver/Lung
9 16 M Pain Lung Lung
10 29 F Asymptomatic Liver, lung Liver
11 15 F Shoulder/Hip Pain Lung, bone Lung
12 52 M Constitutional symptoms, fatigue malaise Liver, lung Lung
13 62 F Constitutional symptoms, nausea Liver Liver
14 15 F Asymptomatic Lung, bone Lung
15 17 F Pain Lung, bone Lung, bone
16 10 M Pain Liver, lung, soft tissue Soft tissue, liver
17 51 F Asymptomatic Liver, lung, bone Lung, Liver
18 13 M Ankle pain Bone Bone
19 67 F Asymptomatic Lung Lung
20 20 F Pain Liver, lung, bone Liver
21 2 M Palpable soft tissue mass Lung, soft tissue Soft tissue
22 7 F Pain Liver, Lung Liver
23 30 F Pain Liver, lung Liver
24 48 F Asymptomatic Liver Liver
25 12 M Pain Lung, bone Lung, bone
26 8 F Pain Lung, soft tissue Soft tissue
27 10 M Pain Liver, lung Liver
28 16 M Asymptomatic Liver, lung, bone Lung, bone
29 24 F Thigh mass Liver, lung, bone, soft tissue Bone, soft tissue

Fig. 1. 15-year-old female with pulmonary EHE. Axial CT scan of the chest.
Multiple solid pulmonary nodules are seen bilaterally.
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Mean follow-up period was 2.9 years (0.5–8 years). In one patient, the
solitary pulmonary nodule was resected. The disease was stable at the
end of the follow-up period in 9 patients. In 10 patients, there was
evidence of progressive disease, with increase in size and number of
nodules in 3 and increase in size but not number in 3. Cavitation of the
initial lesions was identified in 1 and progressive consolidation of the
lung in 1. In one patient, there was increase in the extent of pleural
disease. Progressive lung fibrosis was noted in 1 patient.

3.2.2. Liver
As a consequence of the fact that these patients were referred from

other centers, the imaging modalities available for review were pri-
marily cross-sectional. Fourteen of the 16 patients with reported liver
involvement had CT imaging available and 7 had MRI imaging. Follow-
up imaging was available in 12, with a mean follow-up period of
2.7 years (0.5–6 years). At initial presentation most (14/16) patients
had multifocal lesions. In 13 of these 14 patients, the lesions were
peripheral or subcapsular in location (Fig. 3). Eight patients had evi-
dence of subcapsular retraction at initial imaging, with progressive
worsening of retraction seen in 5 patients. Two patients with sub-
capsular nodules at initial imaging developed retraction over the
follow-up period. One patient had a solitary lesion in a central location
and one had a solitary peripheral lesion. Hepatic lesion size ranged
from 4 to 67mm at initial presentation.

A non-contrast study was performed in patient. The remainder had a
portal venous phase study performed. In addition an arterial phase
study was available in 3 and a delayed phase in 1. On CT the lesions
were hypoattenuating compared to normal liver parenchyma in all
patients. Following the administration of contrast, there was peripheral
enhancement of one lesion in 1 patient and evidence of progressive
filling in of the lesion in the patient that had a delayed study performed.
In the remaining patients there was no evidence of enhancement on
administration of contrast. Five patients had at least one lesion that
demonstrated a classic “lollipop” sign on contrast enhanced CT (Fig. 4).

A PET-CT was performed in 4 patients with hepatic disease; avid
uptake of radiotracer was seen in 3. In one patient there was increased
uptake of radiotracer in some of the lesions, but not others.

On MRI, the lesions were hypointense on T1 and either uniformly
hyperintense or had a targetoid appearance (3/7) on fluid-weighted
sequences (Fig. 5). On administration of gadolinium, the most common
pattern of enhancement was peripheral (5/7) or uniform (5/7); in some
patients both types of enhancement patterns were seen within the
multiple lesions. Delayed sequences were performed after contrast ad-
ministration in 5 patients. In 4 of these, there was evidence of pro-
gressive filling in of the lesions that initially demonstrated peripheral

Fig. 2. 23-year-old female with pulmonary EHE. Axial CT scan of the chest.
Multiple ground glass nodules are seen bilaterally.

Fig. 3. 7-year-old girl with hepatic EHE. Axial contrast enhanced CT of the
abdomen. (a) Multiple low attenuation hepatic lesions are seen. (b) Follow-up
study performed 2 years later demonstrates subcapsular retraction in the right
lobe.

Fig. 4. 20-year-old female with hepatic EHE. Coronal contrast enhanced CT
scan of the abdomen. There are multiple low attenuation hepatic lesions with a
lollipop sign seen in the most superior lesion (arrow).
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enhancement.

3.2.3. Bone
CT was performed in all 12 patients with osseous lesions, with an

MRI also available in 3 patients. Lytic lesions, some with a sclerotic rim,
were identified in 11/12 with osseous disease at initial presentation
(Fig. 6). The remaining patient had an expansile mixed lytic-sclerotic
lesion. On MRI, the lesions were hypointense on T1 and hyperintense
on T2/STIR sequences. The spine was the most common site of in-
volvement (8/12) and disease was limited to the axial skeleton in 9/12.
Six patients had solitary osseous lesions. The size of the osseous lesions
ranged from 9 to 69mm. An associated paravertebral soft tissue mass
was seen in 1 patient. Plain radiographs were available in 7 of 12 pa-
tients. Two of these patients had lesions in the appendicular skeleton,
which were well visualized as focal lytic areas with a sclerotic rim. The
other 5 patients had lesions limited to the axial skeleton, which were
either not seen or incompletely visualized on plain radiographs.

Follow-up imaging was available in 19 patients, with a mean follow-
up period of 3.6 years (1.4–8 years). There was worsening of osseous
disease in 3 patients, 2 with increase in size of the lesions and 1 with an
increase in number and size.

3.2.4. Other sites of involvement
Imaging was available in 3 of 4 patients with skin and subcutaneous

involvement; in the other patients only the post resection studies were
available. The lesions were isointense to muscle on T1 and hyperintense
on T2. A solitary area of involvement was seen in all, involving the
scalp, upper extremity, groin and thigh. One patient with lymph node
involvement had CT imaging available. This manifested as mild en-
largement of multistation cervical lymph nodes.

3.2.5. Follow-up
Twenty-three patients had serial imaging available, which allowed

evaluation of progression. Median follow up period was 2.7 years
(range 0.5–8 years). Fourteen patients showed imaging evidence of
progression over this period as evidence by increase size or number of
lesions as detailed above. Clinical follow-up information was available
in 18. Three patients died during the study period, 2 due to the un-
derlying disease and one with unknown cause. One patient demon-
strated stable disease for 17months, followed by intractable progres-
sion of osseous and respiratory disease, resulting in death 3 years after
presentation. The other patient also had progressive osseous and re-
spiratory disease and died 2 years after presentation. There was no
definite correlation with pattern of disease (organs involved, multi-
organ involvement) and imaging or clinical progression.

3.3. Histopathology

All patients had histological confirmation of the diagnosis. The site
biopsied was liver [12], soft tissue or bone [12] and lung [10]. More
than one site was biopsied in 6.

At least one specimen from all patients had immunohistochemical
staining performed for endothelial cells (CD31, CD34, and ERG). One
specimen was stained for CAMTA1. TFE3 stain was performed on two
specimens.

Histologically, all tumors consisted of epithelioid cells arranging in
small nests, cords, and solid sheets in a variably myxoid to collagenized
background (Fig. 7a). The lung and pleural biopsy typically showed
multi focal involvement of small airspaces while the hepatic lesions
showed mostly sinusoidal pattern. Lesional cells had round nuclei with
voluminous eosinophilic cytoplasm, some of which had well-defined
punched out intracytoplasmic lumina, some with a single red blood cell.

Fig. 5. 30-year-old female with hepatic EHE. Axial fat-saturated T2 MRI image.
Two peripheral hepatic lesions are seen with a targetoid appearance.

Fig. 6. 16-year-old boy with osseous EHE. Axial CT scan images on bone
windows. (a) A lytic lesion with a sclerotic rim is seen in the right side of the
vertebral body. (b) There is an expansile lytic lesion in the right occipital
condyle.
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Pleomorphism was minimal. Necrosis was noted in two cases. En-
dothelial cells were positive for CD31 and variably for CD34 and Ker-
atin. CAMTA1 stain was positive in one tested case (Fig. 7b). One case
was positive for TFE3 and had vasoformative morphology, with well-
formed blood vessels lined by epithelioid endothelial cells with abun-
dant eosinophilic cytoplasm lacking cytologic atypia.

4. Discussion

EHE is a rare vascular neoplasm that arises from endothelial or pre-
endothelial cells [1,2]. In part due to its low incidence (estimated 1 in 1
million), EHE is challenging to diagnose clinically, radiographically,
and histologically [5,6]. Recent identification of specific oncogenic
fusions has facilitated the diagnosis [8]. Most commonly identified (in
90–95% of cases) is the reciprocal translocation of WW domain-con-
taining transcription factor 1 (WWTR1) and calmodulin transcription
activator 1 (CAMTA1) [8]. CAMTA1 over-expression can be seen by
immunohistochemistry, adding confidence to the histologic diagnosis
[7,8]. EHE is commonly multifocal with involvement of multiple or-
gans, particularly in children [7].

The presentation and clinical course of EHE are variable. EHE has
been reported to be more common in females, particularly the hepatic
and pulmonary forms [9]; however osseous and primary pleural in-
volvement are more common in males [10]. In a registry of 206 adult
patients, with a mean age of 38, the most common presenting symptom
was found to be pain; however more than 25% of patients were

asymptomatic, presenting as an incidental imaging or clinical finding
[9]. Our series showed similar findings of a female gender predilection.
Pain was the most common presenting symptom, but more than 50%
presented with either a palpable mass or incidental findings on ima-
ging.

While EHE may present in almost any location, it usually affects the
soft tissues and visceral organs. As seen in our study, liver, lung, and
bone are the most frequently affected organs. Less commonly, EHE may
arise in lymph nodes [11], pleura [12], thyroid [13], omentum, me-
sentery, cutaneous tissues, and muscle [14,15]. Single organ involve-
ment has most commonly been reported with hepatic disease [7], but in
our cohort solitary pulmonary disease had a similar incidence.

Pulmonary EHE was first described in 1975 by Dail and Liebow as
“intravascular bronchiolalveolar tumor” [16] and later recognized as a
pulmonary counterpart to EHE in other sites [7]. Three patterns of
pulmonary EHE have been described: multiple pulmonary nodules,
multiple pulmonary reticulonodular opacities, and diffuse infiltrative
pleural thickening [17]. Well-defined bilateral parenchymal nodules
are the most common manifestation [3,9,17] and this pattern was also
seen in our series. Reticulonodular opacities with interlobular septal
thickening and ground glass opacity are less common [17]. This ap-
pearance has been attributed to intraluminal tumor cells within small
blood and lymphatic vessels [18–20] and has been reported to have a
poor prognosis [21]. Ground glass opacities were commonly seen in our
cohort, but there was no definite correlation with disease progression.
Diffuse smooth and nodular infiltrative pleural thickening, similar in
appearance to that of pleural carcinomatosis or mesothelioma, usually
has a more aggressive course as well [22,23]. There was rapid pro-
gression of the disease in 1 of our 2 patients with pleural disease. So-
litary pulmonary nodules measuring up to 5 cm are reported in less than
10% of cases [19,24,25], but were seen in almost 25% of cases in our
series. Although calcification and ossification are commonly seen on
histologic specimens, visible calcification on imaging is not common,
and was not seen in our series [18].

On CT, hepatic EHE usually manifests as multiple low attenuation
nodules of variable size preferentially involving the subcapsular region.
Early in the disease course, discrete multifocal nodules are present.
Later, nodules coalesce to form confluent masses [26,27]. The relative
low attenuation of the lesions compared to normal liver parenchyma is
related to myxoid and hyalinized stroma [14]. Fibrosis in association
with subcapsular tumors can result in capsular retraction [26,28]. Most
of the patients in our series (10/17) developed progressive capsular
retraction, which is similar to the 59.5% reported by Zhao et al. [29].
On post-contrast imaging, a target or halo pattern has been reported
[28] while in others only mild peripheral enhancement may be visible
[15,30]. Delayed post contrast imaging shows variable central en-
hancement or lack of enhancement depending on the degree of fibrosis,
myxoid and hyalinized components [11,14,31]. In our series, on CT
there was no enhancement of the lesions following administration of
contrast. This may reflect the timing of the contrast bolus and the fact
that no delayed imaging was performed.

The internal architecture of hepatic EHE is better depicted on MRI
compared to CT [32]. As seen in our series, lesions are generally hy-
pointense on T1 weighted images and hyperintense on T2 [33]. A target
appearance with alternating high and low signal intensity rings similar
to that seen on post contrast CT imaging may be visible on T2 weighted
imaging as well as on post contrast T1 weighted sequences [34], but
this was only seen in one of our patients. Central low signal intensity on
T2 weighted sequences is attributed to hemorrhage and/or necrosis;
peripheral high signal intensity results from tumor cellular proliferation
and adjacent edema [15,30]. Overall, lesions are hypoenhancing re-
lative to normal liver parenchyma and may demonstrate only mild
peripheral rim enhancement [28,30]. Dynamic post contrast images
show some centripetal filling, and this was seen in the majority of our
patients with MRI studies.

The “lollipop” sign may be visible on CT and MRI [4]. This consists

Fig. 7. (a) Histopathology of EHE typically showed epithelioid cells arranging
in cords or single cells in a myxoid matrix, some cells contain intracytoplasmic
lumina. (b) CAMTA1 immunohistochemistry showing nuclear positivity of
tumor cells.
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of a hepatic or portal vein tapering and terminating at the periphery or
just within a well-defined hypoenhancing lesion. Three dimensional
reformat CT and multiplanar MRI are useful in demonstrating this sign.
This characteristic sign was seen in 5 of our patients.

On sonography, lesions are predominantly hypoechoic, but occa-
sionally appear iso- to hyperechoic with a hypoechoic rim [35]. On
color Doppler intralesional vessels with fast-flow can be seen [36]. On
contrast-enhanced sonography, rim-like or heterogeneous enhancement
is seen in the arterial phase and hypoenhancement in the portal or
delayed venous phases [36].

Within the bones, EHE most commonly involves the axial skeleton
and lower limbs. The majority of our patients had disease limited to the
axial skeleton. The tibia, femur, and humerus are the most frequently
affected long bones [10]. Multifocal disease, which frequently involves
the same region or extremity, has been reported in 20–50% of patients
[37,38] and was seen in 7/13 of our cohort. Lesions typically appear
lytic on radiographs and CT with variable size and zone of transition
[10,39], as was seen in almost all of our patients (12/13). Osseous
expansion and remodeling are common and cortical destruction may be
present; however, periosteal reaction is rare. A small associated soft
tissue mass has been reported in up to 40% [40] of patients, but was
only seen in one of our patients.

On MRI, lesions usually demonstrate nonspecific low to inter-
mediate T1 and high T2 signal intensity with homogenous enhance-
ment. A peripheral low signal intensity rim has been described on all
sequences and was also evident in our review. Despite the vascular
nature of this entity, flow voids are not seen [10].

4.1. Limitations

This study has several limitations including its retrospective nature.
As a pediatric referral center, our series is biased towards younger
patients. Due to the rarity of EHE, only a small number of patients were
available for review. In most cases, limited laboratory and clinical data
was available, and was provided by a referring institution. Almost all
imaging studies were performed at outside institutions with variable
imaging parameters. Similarly, the diagnostic biopsies were performed
at outside institutions, although available histology was reviewed at
BCH. Follow up time was limited and variable. A variety of treatment
regimens had been administered to the patients, which may have al-
tered the natural progression of the disease. Because of these limita-
tions, no definite correlation was identified between specific imaging
findings and a worse prognosis.

5. Conclusions

Most patients with EHE have multi-organ disease, with lungs, liver
and bones most frequently affected. Lung disease is most commonly
characterized by multiple nodules. Hepatic lesions demonstrate the
most distinctive findings, with peripheral distribution, subcapsular re-
traction and “lollipop” sign. Osseous lesions are commonly lytic and
often restricted to the axial skeleton.
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