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Chapter 7
Hemangiomas and Other Vascular Tumors

Eric C. Ehman, Douglas A. Simonetto, and Michael S. Torbenson

�Introduction

The liver consists primarily of hepatocytes and cholangiocytes, while endothelial 
cells, Kupffer cells, stellate cells, and immune cells all serve ancillary roles. There 
are several types of hepatic masses or mass-like lesions which may arise from the 
endothelial cells that line the hepatic arteries, sinusoids, portal veins, and hepatic 
venous system. These entities span the spectrum from rare and aggressive lesions 
such as angiosarcoma to common benign masses such as hemangiomas. Knowledge 
of the various vascular tumors of the liver may allow accurate differentiation based 
on a combination of clinical and imaging features. Tables 7.1 and 7.2 summarize the 
clinical, histologic, and imaging features of these entities.
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�Hemangioma

�Epidemiology and Manifestations

Hemangiomas are the most common benign hepatic tumors with a reported preva-
lence of 1.4–3% based on surgical or ultrasonographic series [1, 2]. Hemangiomas 
are more common in women between 30 and 50 years of age with a 2:1 female-to-
male ratio although a hormonal effect has not been proven. The majority of cases 
are asymptomatic and the tumors are often incidentally found on abdominal imag-
ing obtained for other indications. A small proportion of patients with giant heman-
giomas greater than 8  cm in size may present with vague symptoms, including 
abdominal distention, right upper quadrant abdominal pain, and early satiety due to 
extrinsic gastric compression. Subcapsular hemangiomas may also present with 
acute severe abdominal pain resulting from thrombosis or bleeding within the tumor 
and consequent irritation of the hepatic capsule; however, given the high prevalence 
of hepatic hemangiomas and the rarity of reports of bleeding from pathologically 
confirmed hemangiomas, this complication appears to be exceedingly rare [3]. 
Chronic, recurrent fevers have also been reported in the setting of large hemangio-
mas, likely related to intratumoral necrosis [4].

Giant hemangiomas, particularly in children, have been associated with high-
output heart failure [5], hypothyroidism, and Kasabach–Merritt syndrome, a con-
sumptive coagulopathy presenting with thrombocytopenia and hemolytic 
anemia [6, 7].

�Pathology

Hemangiomas are benign vascular tumors. They have no malignant potential and 
are not precursor lesions for angiosarcoma. Based on the size and morphology of 
the blood vessels, hemangiomas are subdivided into cavernous hemangiomas, capil-
lary hemangiomas, and anastomosing hemangiomas.

The most common type of hemangioma is the cavernous hemangioma (>95% of 
all cases), which consists of a generally well-circumscribed and unencapsulated 
cluster of large caliber and thin-walled vessels (Fig. 7.1). The vessels are closely 
approximated, with little intervening stroma. The vessels are lined by bland endo-
thelial cells. Over time, hemangiomas can become sclerosed and sometimes par-
tially calcified.

Cavernous hemangiomas in rare cases grow large enough to be called giant cav-
ernous hemangiomas—there is no universally applied size criterion for using this 
term, but a common criterion is greater than 8 cm. Giant cavernous hemangiomas 
overall look similar to smaller hemangiomas histologically, but often have some-
what infiltrative borders at the interface with the background liver, a finding called 

E. C. Ehman et al.
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“hemangiomatosis” or “hemangioma-like vessels” [8]. They are also more likely to 
have areas of fibrosis.

The rare capillary hemangioma is composed of small thin-walled vessels with a 
lobular arrangement. The lumens are lined by plump but cytologically bland endo-
thelial cells. In some cases, the vascular lumens can be compressed and inconspicu-
ous, obscuring the vascular nature of the lesion. Rare cases with capsules have been 
reported [9].

The anastomosing hemangioma is composed of interconnecting small- to 
medium-sized vascular spaces (Fig. 7.2). The lining endothelial cells can be plump 
or “hobnailed,” often with mild cytological atypia, sometimes causing confusion 
with angiosarcoma [10]. About 70% of anastomosing hemangiomas have GNAQ 
mutations [11]. Similar histological and molecular findings have been reported 
under the term “hepatic small vessel neoplasm” [12].

Fig. 7.1  Hemangioma, 
cavernous. The tumor is 
composed of large dilated 
blood vessels. Normal liver 
is seen in the lower left of 
the image

Fig. 7.2  Hemangioma, 
anastomosing. Small-sized 
and interconnecting vessels 
are seen, lined by plump 
endothelial cells

7  Hemangiomas and Other Vascular Tumors
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�Imaging Features

Hemangiomas most often occur with a set of classic imaging features which typi-
cally results in an unequivocal diagnosis; however, atypical variants may lack clas-
sic features and therefore present a more difficult diagnosis.

Classically, hepatic hemangiomas appear hyperechoic at ultrasound, isodense or 
hypodense to liver parenchyma at noncontrast CT, hypointense to liver at T1 pre-
contrast MRI and moderately T2 hyperintense, with variable diffusion restriction. 
With the administration of contrast at either US, CT, or MRI, there should be initial 
nodular, discontinuous, peripheral contrast enhancement with progressive central 
fill-in over time [13, 14, 15].

Atypical hemangioma variants based on imaging appearance have been described 
as giant, flash filling, calcified, hyalinized, cystic, and pedunculated. Giant hem-
angiomas are described as those measuring greater than 8 cm and usually show 
peripheral nodular enhancement, but delayed phase fill-in may be incomplete, pos-
sibly owing to their very large size [16, 17]. The so-called flash-filling hemangio-
mas are often small and follow the aorta on each vascular phase of imaging [18, 
19]. Based on their enhancement pattern, these lesions may serve as mimics for 
other small hypervascular lesions such as metastases. Because they are slow-flow 
vascular lesions, hemangiomas sometimes contain calcifications or phleboliths. 
Hyalinized or sclerotic hemangiomas may mimic hypoenhancing metastases due 
to their low density/signal intensity and mild peripheral enhancement. At MRI, 
these sclerotic hemangiomas may have mild T2 signal and will not take up hepa-
tobiliary contrast agents. Stability in size or biopsy may be the only ways to tell 
these from more sinister lesions. Cystic hemangiomas can contain cystic spaces 
with fluid–fluid levels visible at CT and MRI but not at US [20, 21, 22]. Examples 
of classic cavernous hemangiomas (Fig. 7.3) as well as several atypical variants are 
shown (Fig. 7.4).

�Natural History and Management

Hemangiomas are associated with a low risk of complications or significant pro-
gression and do not carry malignant potential. Therefore, treatment or follow-up of 
small asymptomatic hemangiomas is not recommended. Tumor growth may be 
observed in giant hemangiomas, which in turn may lead to symptoms and possible 
complications, such as rupture and bleeding [23]. Fortunately, spontaneous tumor 
rupture resulting in intraperitoneal hemorrhage is exceedingly rare and mostly 
observed in large, peripheral, and exophytic tumors [24]. Percutaneous ultrasound-
guided radiofrequency ablation [25], transcatheter arterial embolization [26], or sur-
gical enucleation [27] has been performed for severely symptomatic or complicated 
giant hemangiomas. Symptomatic improvement postablative therapy or surgery has 
been reported in 75–96% of patients; however, extensive evaluation to rule out other 
possible causes of symptoms is imperative [28, 29].

E. C. Ehman et al.
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a

c d e

b

Fig. 7.3  Hemangiomas, classic appearance. Grayscale sonographic images of the left lobe (a) 
show a homogeneously hyperechoic mass with no increased blood on color Doppler (b). While the 
sonographic appearance alone is nonspecific, this mass was later imaged with multiphase CT con-
firming the diagnosis of a cavernous hemangioma. Axial CT images in the arterial (c), portal 
venous (d), and 3-minute delayed (e) phases show two adjacent hypodense foci with discontinuous 
nodular enhancement and progressive fill-in over time, classic features of a cavernous hemangioma

a

d e f g

b c

Fig. 7.4  Hemangiomas, atypical appearance. MRI of the liver in a patient with multiple vertebral 
body and splenic hemangiomas shows an avidly arterially enhancing focus (a) which is isointense 
to liver parenchyma on other phases (b, c). Several other lesions with similar enhancement pattern 
were seen throughout the liver, compatible with flash filling hemangiomas. MR images from a 
patient being followed up after renal mass ablation demonstrate a lesion in the posterior right 
hepatic lobe with a rim of T2 hyperintensity and a hypointense core (d) as well as rim-like arterial 
enhancement (e) with progressive central fill-in on delayed (f, g) phase images. This finding was 
stable for greater than 4 years and therefore compatible with a partially sclerosed hemangioma

7  Hemangiomas and Other Vascular Tumors
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�Hepatic Epithelioid Hemangioendothelioma

�Epidemiology and Manifestations

Hepatic epithelioid hemangioendothelioma (HEHE) is a locally aggressive vascular 
tumor with metastatic potential and shared features between hemangioma and 
angiosarcoma. The estimated prevalence of HEHE is less than one in 1 million, 
affecting predominantly females (1:3–4 male-to-female ratio) with a usual age at 
diagnosis between 20 and 60 years [30]. Patients are often asymptomatic at early 
stages but are at risk of liver failure with disease progression and extensive organ 
involvement. Initial symptoms are nonspecific and include upper abdominal pain or 
fullness, weight loss, fever, jaundice, and fatigue [31].

�Pathology

HEHE are vascular malignancies that are clinically lower grade than angiosarco-
mas. The tumor cells can be epithelioid and dendritic, without well-formed blood 
vessels, potentially leading to diagnostic challenges. The tumor cells often have 
intracytoplasmic lumens, leading to a signet ring cell-type morphology. The tumor 
cells are embedded in a distinctive myxoid or hyalinized matrix (Fig. 7.5). HEHE 
form mass lesions, but tumor cells can also extend outside the main mass along the 
sinusoids, portal veins, and central veins, leading to fibro-obliteration of the veins 
and subsequent parenchymal atrophy with hepatocyte dropout.

Because the tumor has signet ring-type cells and abundant extracellular matrix, 
the histological findings can mimic cholangiocarcinoma or other adenocarcinomas 
[32]. In challenging cases, immunostains are used to prove vascular differentiation. 
At the molecular level, many HEHE have a t(1;3)(p36.3;q25) translocation that 
leads to a CAMTA1–WWTR1 fusion product.

Fig. 7.5  Epithelioid 
hemangioendothelioma. 
The tumor cells have small 
lumens, resembling signet 
ring cells, and are 
embedded in a dense 
myxoid matrix

E. C. Ehman et al.
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�Imaging Features

The imaging appearance of HEHE is described to follow three subtypes: solitary 
nodular type, multiple nodular type, and diffuse confluent nodular type. It is theo-
rized that a solitary lesion progresses to multiple nodules which then coalesce over 
time to form confluent disease. Solitary lesions are classically found in the subcap-
sular right hepatic lobe, measuring between 1 and 5 cm [33]. Less frequently, soli-
tary lesions can be found in the central liver [34]. Multiple masses tend to be larger, 
measuring between 1 and 12 cm and may be found either peripherally or in the 
central liver [35]. Multinodular lesions will most frequently exhibit the classic find-
ing of capsular retraction [34]. This finding should be differentiated from the capsu-
lar bulge seen in cholangiocarcinoma. Solitary nodular type (Fig.  7.6) and 
multinodular type (Fig. 7.7) are shown.

a b

c d

Fig. 7.6  Epithelioid hemangioendothelioma. MRI images from a 76-year-old woman show a soli-
tary lesion in the hepatic dome which was thought to represent cholangiocarcinoma and went on 
to be resected. Histology confirmed a hepatic epithelioid hemangioendothelioma (HEHE). Note 
the T2 hyperintense center with intermediate T2 signal rim (a), T1 hypointensity (b), early periph-
eral enhancement (c), and laminated delayed central fill-in (d)

7  Hemangiomas and Other Vascular Tumors
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Sonographically, HEHE should show hypoechoic nodules, though a minority of 
nodules may appear hyperechoic to surrounding liver. As with other modalities, cap-
sular retraction can be seen. At CT, lesions should be hypointense to hepatic paren-
chyma and at MRI, lesions should be T1 hypointense. T2 appearance is variable, but 
many lesions are T2 hyperintense centrally due to a core of fibrous stroma. Others 
may demonstrate alternating rings of T2 signal in the so-called “dark-bright-dark 
ring” sign [36]. When performed, diffusion-weighted imaging will also show a mul-
ticentric pattern of high and low signals. After contrast administration, some lesions 
show a rim of enhancement followed by fill-in on delayed phase, in a pattern similar 
to that of cholangiocarcinoma or metastases. In contrast to hemangiomas, globular 
peripheral enhancement is not seen. There have been reports of HEHE lesions “trap-
ping” hepatobiliary contrast agents and resulting in a hypointense rim with a hyper-
intense core, though this is not frequently observed [34]. Extrahepatic HEHE has 
been described in the lung, lymphatic system, peritoneum, bone marrow, and spleen.

�Natural History and Management

HEHE is associated with a high risk of metastasis, particularly to the lungs, bone, 
peritoneum, and lymph nodes. Untreated patients carry a 5-year mortality risk greater 
than 50% and, therefore, expectant management is not recommended. Surgical resec-
tion and liver transplantation are the treatments of choice, while the role of chemo-
therapy and radiation has not been well established. Unfortunately, surgical resection 
is an option in only about 10% of cases, as the majority of patients present with 
multifocal bilobar disease and about a third have extrahepatic involvement at diagno-
sis. In those with limited disease, surgical resection carries a good prognosis with 
75% survival at 5 years [37]. Liver transplantation is the preferred treatment modality 

a b

Fig. 7.7  Epithelioid hemangioendothelioma. Single-phase CT images from a 31-year-old woman 
with biopsy-proven hepatic epithelioid hemangioendothelioma. Multiple hypoenhancing hepatic 
lesions are seen in the anterior left lobe (a) and the inferior right lobe (b). Note the presence of 
capsular retraction adjacent to both lesions. Alternative etiologies with similar single-phase imag-
ing features would be expected to result in capsular bulge
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for unresectable HEHE and is associated with 1-year and 5-year survival rates of 
96% and 80%, respectively [37, 38, 39]. Extrahepatic metastases do not significantly 
affect long-term outcomes posttransplant and, therefore, are not a contraindication to 
transplant. Currently, patients with HEHE do not qualify for automatic MELD excep-
tion points, as do patients with hepatocellular carcinoma listed for liver transplanta-
tion. However, given the acceptable outcomes with transplant, selected patients with 
HEHE may be granted exception MELD points upon request to the Regional Review 
Board of the United Network for Organ Sharing (UNOS).

�Angiosarcoma

�Epidemiology and Manifestations

Hepatic angiosarcoma (HAS) is a rare and aggressive vascular tumor, which 
accounts for <1% of all primary liver tumors [40, 41]. HAS is associated with expo-
sure to known carcinogens in 25% of cases, including vinyl chloride monomer, 
radiocontrast material thorotrast, androgenic steroid use, chronic arsenic ingestion, 
and exposure to radium [42]. The other 75% of tumors have no known etiology. 
HAS is more common in men (3:1 male-to-female ratio) in their sixth to seventh 
decade of life [43]. Patients often present with vague, nonspecific symptoms includ-
ing fatigue, weight loss, and upper abdominal pain [40]. About half of the patients 
present with symptoms of liver failure or portal hypertension, such as jaundice, 
hepatosplenomegaly, ascites, and possibly hepatic encephalopathy [42]. 
Angiosarcoma has also been associated with Kasabach–Merritt syndrome [44] and 
spontaneous tumor rupture resulting in hemoperitoneum [45]. In contrast to heman-
giomas, the diagnosis of HAS often relies on histopathologic assessment, which in 
turn depends on adequate tumor sampling. Due to the increased risk of bleeding, 
percutaneous needle biopsy is not recommended, and rather fine-needle aspiration 
cytology is preferred [46].

�Pathology

Angiosarcomas are high-grade malignant vascular tumors that can be primary to the 
liver or metastatic. They are composed of malignant cells that have evidence for 
vascular differentiation by morphology or by immunostains such as CD34, FLi-1, 
or ERG. In most cases, angiosarcomas form distinct mass lesions, but rarely they 
grow as a subtle diffuse sinusoidal infiltrate, leading to hepatomegaly without a 
mass lesion (Fig. 7.8). When forming mass lesions, the tumor cells can be epitheli-
oid (Fig.  7.9), spindle cell, or show irregular poorly formed vascular structures 
(Fig. 7.10), often with slit-like spaces that contain red blood cells. The tumor cells 
show cytological atypia and numerous mitotic figures.
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Fig. 7.9  Angiosarcoma, 
solid pattern. This 
mass-forming 
angiosarcoma shows no 
evident blood vessels, and 
the diagnosis required 
immunostains

Fig.  7.10  Angiosarcoma, 
vessel-forming pattern. 
This mass-forming 
angiosarcoma had 
vascular-like spaces lined 
by highly atypical cells

Fig. 7.8  Angiosarcoma, 
sinusoidal pattern. There 
was no mass lesion, but a 
biopsy showed diffuse 
infiltration of the sinusoids 
by malignant endothelial 
cells (arrows). Most of the 
remaining cells in the 
image are benign 
hepatocytes
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�Imaging Features

Due to their rarity, knowledge of the appearance of angiosarcomas is largely limited 
to observations published in case series ranging from 7 to 35 patients [47, 48, 49]. 
At imaging, tumors are found to be multifocal in nearly all patients, and the domi-
nant tumor may range in size from 3 to 20 cm. While most lesions are found to 
involve both hepatic lobes, a subgroup has been described to involve only the left 
hepatic lobe. Metastases, most commonly to spleen, peritoneum, lungs, or bone 
marrow, are seen in 45–60% of patients at presentation.

At multiphase CT, hepatic angiosarcomas should follow the blood pool attenua-
tion. Prior to the administration of contrast, lesions will be hypodense to liver paren-
chyma, though areas of hemorrhage or blood products may be denser. Several 
patterns of contrast enhancement have been described, including nodular, rim, 
branching, and diffuse enhancement. At least one type of arterial phase enhance-
ment is seen in over 90% of tumors [49]. On portal venous and delayed phase 
images, lesions will enhance progressively in one of two patterns, either 
hemangioma-like peripheral to central or a reverse hemangioma pattern with central 
early enhancement with delayed peripheral fill-in [48, 49].

At MRI, angiosarcoma has an overall low T1 signal except for areas of hemorrhage 
which may have a high intrinsic T1 signal. Angiosarcomas usually have central het-
erogeneous T2 hyperintensity, and larger lesions may demonstrate serpiginous DWI 
hyperintensity. Enhancement patterns using extracellular contrast agents mirror those 
seen at CT. An example of a well-differentiated angiosarcoma is shown in Fig. 7.11.

a b c

d e f

Fig.  7.11  Angiosarcoma. Biopsy-proven angiosarcoma spanning both hepatic lobes (a) in a 
74-year-old man. The T1 signal is somewhat heterogeneous suggesting internal hemorrhage (b). 
Following administration of contrast there is peripheral arterial enhancement (c) followed by pro-
gressive fill-in on delayed phase images (d, e). Although based on enhancement pattern alone, this 
lesion could be mistaken for a giant hemangioma; rapid growth in 5 weeks seen on a follow-up 
scan (f) is more indicative of an aggressive process such as angiosarcoma
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Imaging differentiation of angiosarcoma from other etiologies is difficult, as 
hemangiomas, epithelioid hemangioendotheliomas, and hypervascular metastases 
as well as primary hepatic neoplasms such as HCC and intrahepatic cholangiocarci-
noma may all have overlapping features. Rapid progression over serial exams is the 
most reliable differentiator; however, prospective diagnosis is challenging and ulti-
mately may require histologic sampling.

�Natural History and Management

Hepatic angiosarcoma carries an extremely poor prognosis with a median survival 
of only 1 month [50]. Surgical resection of localized tumors may prolong survival, 
and is the therapy of choice for early solitary tumors. Systemic therapy or transarte-
rial chemoembolization with palliative intent has shown potential benefits in patients 
with dominant HAS [51]. Additionally, transarterial embolization can be used to 
achieve hemostasis in ruptured HAS with hemoperitoneum. Liver transplantation is 
contraindicated in HAS due to aggressive early recurrence posttransplant, observed 
in up to 80% of patients [52].

�Summary

Vascular tumors of the liver span the spectrum from exceedingly rare to very com-
mon and from malignant with a dismal prognosis to benign and incidental. While 
the clinical and imaging features may possess a large amount of overlap, classic 
findings may allow for noninvasive diagnosis in some cases. Histologic sampling 
may be required for others.
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