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Abstract
Apart from the common cavernous and small-
vessel hemangiomas of the liver, there is a
group of other but rare benign vascular tumors
in the pediatric and adult liver. Multiple hepatic
hemangiomas with a cavernous histology and
different from infantile hepatic hemangioma/
hemangioendothelioma exist in the pediatric
age group and are termed congenital, neonatal,
and infantile hemangiomatosis. These lesions
can be accompanied with extrahepatic heman-
giomas, e.g., those of the skin. One variant is
characterized by a diffuse hemangiomatosis
involving several organ systems. Diffuse
hepatic hemangiomatosis also occurs in adult
patients as a rare condition, whereby liver
lobes are densely involved by vascular nodules
of variable size. The disorder may be associ-
ated with splenic hemangiomatosis. Hepatic
angiomatosis also develops in the setting of
Osler’s disease. An unusual form of hepatic
vascular tumor is intravascular papillary endo-
thelial hyperplasia, a reactive lesion usually
occurring in the skin and subcutis of adult
patients. Hepatic hemangiomas can rarely be
associated with proliferation of smooth muscle
cells (angioleiomyoma). A further, very rare
hepatic vascular tumor is hemangioblastoma,
which occurs as a sporadic lesion or develops
in the setting of von Hippel-Lindau disease.

Congenital, Neonatal, and Infantile
Hepatic Hemangiomatosis

Introduction

Apart from neonatal and infantile hepatic angio-
matous tumors classified as hemangioen-
dotheliomas (type 1 lesions), discussed in a
special chapter, there are situations where cavern-
ous vascular malformations (hemangiomas) of the
skin are associated with similar lesions in the liver.
This combination may be present at birth (con-
genital or neonatal hepatic hemangiomatosis),
manifest postnatally, or later in infancy (infantile
hemangiomatosis).

Congenital Hemangiomas Associated
with Hepatic Vascular Tumors: Benign
Neonatal Hemangiomatosis

A part of infantile hepatic hemangiomas develop
in the context of congenital hemangiomas of the
skin and other organs and in the setting of
hemangiomatosis. A neonate with multiple
hemangiomatosis can be categorized into two
main clinical entities: (1) benign neonatal
hemangiomatosis (BNH; Stern et al. 1981) and
(2) diffuse or disseminated neonatal
hemangiomatosis (DNH). Multiple cutaneous
infantile hemangiomas (hemangiomatosis) are
reported to arise in 10–25 % of infants with cuta-
neous hemangiomas (Achauer et al. 1997). Mul-
tiple hemangiomas of the skin in infants, in
particular more than five lesions, are a marker of
possible internal hemangiomatosis, with the liver
being an important site (concurrent cutaneous and
hepatic hemangiomas; Robinson and Hambleton
1977; Berman and Lim 1978; Metry et al. 2004).
Among 47 patients with segmental hemangiomas
of the skin, 79 % of the patients had their skin
hemangiomas on the face, and 43 % showed liver
hemangiomas, followed by the gastrointestinal
tract (34 %) and the brain (34 %). Forty percent
of the patients in this study fulfilled the criteria of
PHACE syndrome (posterior fossa brain
malformations, hemangiomas, arterial anomalies,
coarctation of the aorta, cardiac defects, and eye
abnormalities) (Metry et al. 2001, 2004). Multiple
congenital hemangiomas of the skin in a neonate
have been found to be associated with hepatic
angiosarcoma (Nord et al. 2006).

Diffuse Neonatal Hemangiomatosis

In some of the patients with congenital hemangi-
omas, the development of the lesions follows a
diffuse pattern (diffuse congenital/neonatal
hemangiomatosis). Diffuse/disseminated neona-
tal hemangiomatosis (DNH) is a rare neonatal
condition in which cutaneous and visceral hem-
angiomas coexist. The disorder is also termed
multiple miliary neonatal hemangiomatosis
(review: Enjolras and Mulliken 1998). DNH
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hemangiomas are either present at birth or
develop during the first week of life and are
twice as frequent in girls in comparison with
boys (Holden and Alexander 1970; Golitz
et al. 1986; Ho et al. 2000; Schulze et al. 2006;
Wananukul et al. 2006; Gouedard et al. 2007;
Al-Kaabi et al. 2009; Glick et al. 2012). The first
sign of DNH is the appearance of cutaneous hem-
angiomas, which may become more numerous
and extensive. In addition to multiple hemangi-
omas of the skin, other possibly involved organs
include the liver and, less commonly, pleura,
lungs, intestines, central nervous system, and
eyes. Involvement is limited to the skin and liver
in part of the patients. If left untreated, DNH is
often fatal at an early age, carrying an estimated
60–95 % mortality, although novel treatments
have improved prognosis.

DNH reveals liver angiomas with variable fre-
quencies (Pavlenishvili and Nemsadze 1978;
Young et al. 1981;Montgomery et al. 1990; Hurvitz
et al. 2000; Gottschling et al. 2006). Hepatic hem-
angiomas arising in the setting of DNH may grow
to large size (e.g., 4 cm diameter; Gottschling
et al. 2006). Hepatic hemangiomas in DNH may
be associated with cardiac insufficiency caused by
blood shunting through the tumor’s vascular chan-
nels (Hurvitz et al. 2000; Gottschling et al. 2006).
DNH with or without liver involvement may be
associated with placental chorioangioma (Witters
et al. 2003; Bakaris et al. 2004).

Previously, the mean age at death was
11 weeks (Stratte et al. 1996). In a retrospective
analysis of the literature, it turned out that the
mortality rate was 77.4 % in untreated patients
and 27% in treated patients, important risk factors
for adverse outcome being congestive heart fail-
ure, coagulopathy, and the involvement of five or
more organs (Lopriore and Markhorst 1999).
Complications of DNH include high-output car-
diac failure, marked thrombocytopenia with hem-
orrhage, consumption coagulopathy, and hepatic
failure. In adult long-term survivors of DNH, vis-
ceral hemangiomas in the absence of cutaneous
hemangiomas have been observed (Ohnishi
et al. 2002). In some of these adults, DNH is
visualized on CT images as multiple calcifications
in the liver, spleen bowel wall, and adrenals (Latifi

and Siegel 1992), representing dystrophic calcifi-
cation of regressed hemangiomatous lesions.
Rarely, DNH develops in congenital overgrowth
syndromes, e.g., Simpson-Golabi-Behmel syn-
drome (Poetke et al. 2002).

The previous concept of DNH may require
revision, specifically in regard to the exact types
of vascular tumors involved. A recent evidence-
based review of case reports of DNH was based
on the hypothesis that many cases reported as
DNH did in fact not have infantile hemangiomas
and also other forms of neonatal vascular diseases.
Between the years 1950 and 2009, 73 cases were
selected from the literature and categorized into
three groups: infantile or probable (P) infantile
hemangioma (IH/P-IH), multifocal
lymphangioendotheliomatosis with thrombocyto-
penia (MLT/P-MLT), and multifocal vascular
lesions, not otherwise specified. Of these
73 cases, 43 had IH/P-IH, 17 had MLT/P-MLT,
and 13 had multifocal vascular lesion NOS. Five
percent of patients in the IH/P-IH group died, in
contrast to a death rate of 65 % in the MNLT/P-
MLT group (Glick et al. 2012).

Hepatic Hemangiomatosis of Infancy

There are published observations of infantile hem-
angioma, i.e., postneonatal hemangiomatosis char-
acterized by the combination of cutaneous
hemangiomas and visceral/hepatic hemangiomas,
i.e., cavernomas and not hemangioendotheliomas
(Robinson and Hambleton 1977; Rotman
et al. 1980; Larcher et al. 1981; Vorse et al. 1983;
Platokouki et al. 1998; Mendiratta et al. 2008).
Hepatic hemangiomas may be combined with
other visceral hemangiomas, in particular splenic
lesions (Platokouki et al. 1998). Similar to the
neonatal situations, large and/or multiple lesions
can cause cardiac failure (Vorse et al. 1983).

Pathogenic Pathways

The concomitant development of angiomatous
lesions in the skin and visceral organs is striking
and suggests an abnormal multifocal angiogenic
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mechanism leading to the emergence of multiple
circumscribed angiomatous malformations. The
cause of this angiogenic response is not known,
and we also do not know why such characteristic
multifocal patterns arise and why certain organs
and not others are involved. As some of the
lesions can later undergo involution, a complex
derangement of vascular growth versus vascular
remodeling and regression through apoptosis may
be operational. The transient growth of angioma-
tous lesions, in part modulated by external factors,
in some way mimics the emergence of a definitive
vascular network but with a highly abnormal
growth overshoot.

Diffuse Hepatic Hemangiomatosis
of Adults

Introduction

Diffuse hepatic hemangiomatosis of adults is a
very rare condition with so far not well-known
etiology and natural history. The disorder is mostly
known from infants and is much less common in
adults. It is defined as the presence of numerous
synchronous hemangiomas, mostly of the cavern-
ous type, in one liver lobe, right and left lobe, or
the entire liver, in the absence of extrahepatic
hemangiomas. The difference between “numer-
ous” hemangiomas (diffuse hemangiomatosis)
and “multiple” hemangiomas has not been clearly
worked out. For the diagnosis of diffuse
hemangiomatosis, the distribution pattern of the
lesions is crucial, i.e., involvement of large parts
of the liver or the entire liver. The prevalence of
diffuse hemangiomatosis of the liver is not well
known. Among 26 patients with hepatic hemangi-
omas, six were diffuse lesions (Dickie et al. 2009).
Sometimes, accompanying hemangiomatosis
of the spleen is present (diffuse hepatosplenic
hemangiomatosis; Tarazov et al. 1990;
Langner et al. 2001). Most patients are women
(Popa et al. 1984; Langsteger et al. 1990; Lehmann
et al. 1999; Moon et al. 2000; Guzman-Valdivia
Gomez et al. 2006; Kim et al. 2008).

Clinical and Imaging Features

The clinical presentation of hepatic
hemangiomatosis is usually nonspecific and
related to multiple mass effects and hepatomegaly.
Some of the patients experience moderate to
intense abdominal pain. Patients with diffuse
liver hemangiomas sometimes produce significant
tumor-associated shunts, followed by heart
failure (Jayanthi et al. 2000). Diffuse hepatic
hemangiomatosis with its enormous coagulative
vascular surface with altered endothelial features
can cause thrombocytopenia (Jayanthi
et al. 2000). Extensive hemangiomatosis can
cause sinusoidal compression/congestion, thereby
causing a sinusoidal blockage and eventually por-
tal hypertension with esophagogastric varices.
The hemangiomas may behave in a stable way,
with minor or absent change with time, but pro-
gressive forms extending from liver lobe to the
other are known (Lehmann et al. 1999). Diffuse
hepatic hemangiomatosis can be associated with
secondary polycythemia (Popa et al. 1984). The
cause of progressive growth is not established, but
enhanced growth of hepatic hemangiomatosis
was observed in two adults following postmeno-
pausal estrogen replacement therapy (Ozakyol
and Kebapci 2006). One patient with secondary
polycythemia has been described (Popa
et al. 1984).

Diffuse hepatic hemangiomatosis has charac-
teristic imaging features on US, CT, and MR
images (Crespo Uriguen et al. 1988; Feurle
1990; Langsteger et al. 1990; Frangides
et al. 1995; Lehmann et al. 1999; Moon
et al. 2000; Vilgrain et al. 2000; Mihalche and
Dumitrache 2004; Guzman-Valdivia Gomez
et al. 2006; Blondet et al. 2007). Ultrasonography
shows small to large, hypoechoic masses with
ill-defined margins to the adjacent liver substance,
but confluent hyperechoic masses are also in evi-
dence (Vilgrain et al. 2000). Contrast enhance-
ment with a centripetal filling pattern of the
entire tumors on the delayed phase of dynamic
CT and inhomogeneous diffuse uptake of the
entire tumor on delayed blood-pool images on
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99mTc-labeled red blood cell scans are character-
istic features (Kim et al. 2008). As the tumorous
lesions have prominent flow, hepatic artery
branches as the feeding vessels are dilated
(Moon et al. 2000). On MR images, most tumors
showed a low signal intensity on T1-weighted
images and a high signal intensity on
T2-weighted images. Areas with macroscopic
cystic change have foci of lower intensity than
the remainder of tumor on T1-weighted images
and higher intensity than the remainder of tumor
on T2-weighted images (Moon et al. 2000).

Pathology

In most cases, the liver lobes are densely involved
by hemangiomatous nodules of variable diame-
ters (Fig. 1), resulting in distinct patterns summa-
rized in Table 1. In part of patients, the entire liver
is packed with typical, well-delineated angioma-
tous tumors, with thin and partly atrophic paren-
chymal bridges between the nodules (massive
panhepatic hemangiomatosis, MPHH). In regard
to the distribution of lesions, a diffuse pattern, in
which numerous tumors are present as isolated,
more or less evenly distributed hemangiomas, and
nodular pattern consisting of multiple coalescent
nodules measuring<5 mm in diameter have been
distinguished (Jhaveri et al. 2011). Individual

tumors may exceed 4 cm in diameter and therefore
qualify for giant hemangiomas. In fact,
hemangiomatosis can be associated with giant
hepatic hemangiomas in a significant proportion
of cases (Adam et al. 1970; Jhaveri et al. 2011). In
a series of 22 patients with giant hepatic heman-
gioma, associated diffuse hemangiomatosis
involving the right and left liver lobes was found
in four patients (Adam et al. 1970). At laparos-
copy, multiple to numerous medium-sized to large
blue-black spongy masses are seen, sometimes
bulging from the liver surface (Guzman-Valdivia
Gomez et al. 2006). Pedunculated lesions also
occur (Blondet et al. 2007). The number and size
of hemangiomas may be such as to grossly mimic
massive diffuse hepatic metastatic disease.

Most tumors show the typical histology of cav-
ernous hemangiomas, with large, endothelium-
lined channels prevailing in the core region of the
tumors and smaller vascular channels at the
periphery of the nodules, where also feeding ves-
sels are found, and regressive changes in the center
(fibrosis, thrombosis, granulation tissue). As in
isolated giant liver hemangiomas, large tumors
may show extended central fibrosclerosis or even
hyalinosis and sometimes fresh or old infarctoid
necrosis. The adjacent liver substance reveals
perifocal parenchymal atrophy or fatty change of
hepatocytes andmay contain dilated veins or inter-
mediate vessels, sometimes rather remote from the
tumor nodules (Lehmann et al. 1999).

Table 1 Proposed classification of macroscopic patterns
of diffuse hepatic hemangiomatosis of adults

General patterns

Diffuse hepatic small-nodular hemangiomatosis

Diffuse hepatic hemangiomatosis associated with giant
hemangiomas

Diffuse hepatic hemangiomatosis with pedunculated
lesions

Massive panhepatic hemangiomatosis (MPHH)

Diffuse versus nodular patterns (Jhaveri et al. 2011)

Diffuse pattern (more or less even distribution of isolated
tumors)

Nodular pattern (multiple coalescent small nodules)

Fig. 1 Hepatic hemangiomatosis of the adult. The liver
contains several well-delineated foci of hemangioma, in
part with fresh thrombosis
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Diffuse Hemangiomatosis of the Liver
and Spleen (Diffuse Hepatosplenic
Hemangiomatosis)

In part of the patients with diffuse
hemangiomatosis, the liver and spleen are syn-
chronously involved (Tarazov et al. 1990, 1991;
Langner et al. 2001). This entity may be associ-
ated with progressive liver failure, thrombocyto-
penia, and coagulopathy (Langner et al. 2001).

Focal and Diffuse Hemangiomatosis
Associated with Giant Hepatic
Hemangioma

Circumscribed or focal, or even diffuse,
hemangiomatosis with the development of multi-
ple small nodules may be noted in association
with large cavernous hepatic hemangiomas
(so-called giant hemangiomas; Melis 1954;
Jhaveri et al. 2011). Among 42 cases of giant
hepatic hemangioma, associated hepatic
hemangiomatosis was detected in 18 patients
(44 %). Twelve patients had a diffuse pattern of
hemangiomatosis (67 %), and six patients showed
a nodular pattern consisting of multiple coalescent
nodules measuring <5 mm (33 %). There was no
association between the size of the giant heman-
gioma and extent of hemangiomatosis (Jhaveri
et al. 2011). The pathogenesis of this alteration
has not been clarified. Theoretically, small and
satellite-like hemangiomas in the vicinity of a
large lesion may emerge due to the abnormal
blood circulation surrounding the large lesion, or
may reflect a field effect, i.e., emergence of mul-
tiple angiomas within an abnormal vascular bed,
with one and large predominant lesion.

Hepatic Hemangiomas in Systemic
Adult Hemangiomatosis (Polysomatic
Hemangiomatosis)

Systemic hemangiomatosis (diffuse
hemangiomatosis, hemangiomatosis diffusa) is a
very rare condition characterized by the

occurrence of cavernous hemangiomas in
multiple organ systems, including the skin, bone,
central nervous system, and visceral organs. The
process has either been interpreted to be neoplas-
tic or to represent a hamartoma-like malforma-
tion, but the involvement of numerous tissue and
organ types together with continuous growth in at
least part of the patients favors a highly abnormal
angiogenic and probably neoplastic process. The
disease is sporadic, without evidence of a familial
trait (Fischer and Roeckl 1961; Tsukagoshi
et al. 1998; Erdogan et al. 2003). Visceral mani-
festations can involve several intra-abdominal
organs, e.g., the spleen, liver, intestine,
peritoneum, and lymph nodes, in one and the
same patient (Maeda et al. 1981; Ribback
et al. 2011). Some cases have revealed an
aggressive course with poor prognosis, owing to
continuous growth of the lesions (Böhm
et al. 1980).

Liver involvement in the form of cavernous
hemangiomas has been observed (Bargon and
Yu 1968; Gordin et al. 1975; Maeda et al. 1981;
Erdogan et al. 2003; Edlow et al. 2006). Liver
involvement can be associated with angiomatous
lesions of the intestine, spleen, and lymph nodes
(Maeda et al. 1981). The angiomatous lesions
developing in the liver may be extensive and
cystic, resulting in a “honeycomb-like” liver
(Tsukagoshi et al. 1998).

Hepatic Hemangiomas Combined
with Skeletal Hemangiomatosis

Diffuse skeletal hemangiomatosis (disappearing
bone disease) is a very uncommon disorder,
which is characterized by osteolytic angiomatous
lesions causing vanishing bone in part of the
patients (syndrome of phantom bone or
disappearing bone). An aggressive form of the
disease that shows regional involvement and mas-
sive osteolysis, frequently involving the shoulder
and hip areas, is called Gorham’s disease. In the
marrow cavities of involved bones, numerous
thin-walled and partly dilated vascular channels
are present, with signs of bone substance lysis in
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the vicinity (Bezold 1951; Gorham et al. 1954;
Ishida et al. 1994; Wallis et al. 1994, Clayer
2002).

The disorder is sometimes associated with vis-
ceral and in particular hepatic hemangiomas
(Bargon and Yu 1968; Waldron and Zeller 1969;
Kane and Newman 1973; van den Bosch
et al. 1975; Rolain et al. 1978; Körster and Jansen
1981; Kiriyama et al. 2001). In an old female
patient described by Kane and Newman (1973),
marked hepatomegaly was found, tender to pal-
pation. A large left lobe presented as an epigastric
mass with a systolic bruit. A liver scan showed an
enlarged pattern with increased uptake in the left
lobe. Transfemoral visceral angiography demon-
strated numerous diffuse capillary-sized
hemangiomatous vessels accounting for hepato-
megaly and bruit. There was rapid shunting to the
hepatic veins and inferior vena cava and retro-
grade filling of the portal vein, coronary vein,
and gastric and mesenteric collateral veins.

Hepatic Hemangioma in Cystic
Angiomatosis of the Bone

Cystic angiomatosis of the bone (CAB, diffuse
cystic angiomatosis of the bone; Gorham’s
vanishing bone disease; Gorham’s massive
osteolysis; Gorham-Stout syndrome; phantom
bone disease; idiopathic massive osteolysis) is a
rare, multicentric disease characterized by
involvement of blood and lymph vessel systems,
producing diffuse cystic lesions in the skeleton,
predominantly affecting the trunk bones (review:
Möller et al. 1999).

This intriguing disorder has been described in
1914 (Shennan 1914; “histologically
nonmalignant angioma, with numerous metasta-
ses”), and the term CAB was coined in 1953
(Jacobs and Kimmelstiel 1953). In most cases,
CAB will show a widespread distribution in the
skeleton, but very rare localized forms have also
be encountered, e.g., in the cranio-cervical region
(Pavanello et al. 2007). Familial CAB has been
observed in one family over four generations
(Reid et al. 1989) and four siblings showing

congenital generalized lipodystrophy accompa-
nied by CAB (Brunzell et al. 1968). In its presen-
tation, CAB is similar to diffuse angiomatosis of
the bone, but the relationship between these two
disorders has not yet been clarified. Histologi-
cally, CAB shows a contribution of lymph ves-
sels, a feature usually lacking in diffuse
angiomatosis of the bone. CAB causes osteolytic
lesions with internal septation of the bone and a
honeycomb appearance of the skeletal system
(Jacobs and Kimmelstiel 1953; Ritchie and Zeier
1956; Boyle 1972; Shivaram et al. 2007; Pulido-
Zamudia 2001; Malik et al. 2008).

CAB may be associated with chylothorax
(Deveci et al. 2011) and with visceral hemangi-
omas, including hepatic hemangiomas and
splenic angiomas/angiomatosis (Fernandez
Jimenez et al. 2000; Vanhoenacker et al. 2003).
In two patients found in the literature, only
splenomegaly was noted (Shennan 1914).
Lymphangioma of the spleen has been described
in CAB (Boyle 1972), further supporting the
involvement of the lymph vessel system and a
systemic lymphangial disorder in CAB.

Hepatic Hemangiomas in Segmental
Infantile Hemangioma and Reticular
Infantile Hemangioma

Introduction

An uncommon form of cutaneous infantile hem-
angioma is characterized by a flat, blotchy lesion,
which, in the past, has been called “port-wine
stain-like”. When occurring in the face, this vari-
ant is called “segmental” and is known to be an
indicator for posterior fossa brain malformations,
hemangiomas, arterial anomalies, coarctation of
the aorta, cardiac defects, and eye malformations
(the PHACE association; Frieden et al. 1996;
Haggstrom et al. 2010). Later, this variant of cuta-
neous hemangioma has been renamed, reticular
infantile hemangioma, to denote this distinctive
macular, network-like lesion (Mulliken
et al. 2007).
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Liver Involvement in Segmental
Hemangioma

A total of 47 cases of solitary segmental heman-
giomas of the skin in association with visceral
hemangiomatosis has been reviewed. Among
these cases, the liver was the most common inter-
nal organ involved by hemangiomas (43 % of the
cases; Metry et al. 2004).

Liver Involvement in Reticular
Hemangioma

In this hemangioma, liver manifestations may be
present. In one male infant with reticular cutane-
ous hemangioma associated with arteriovenous
shunting in the pelvis and lower extremity, the
liver showed multiple nodular enhancing lesions
on T2-weighted MRI, consistent with multiple
hemangiomas (Mulliken et al. 2007).

Intravascular Papillary Endothelial
Hyperplasia (IPEH) of the Liver

Introduction

Intravascular papillary endothelial hyperplasia
(IPEH; synonyms: Masson’s pseudoan-
giosarcoma; Masson lesion; Masson’s tumor)
was described by Masson in 1923 under the
term, hémangioendothéliome végétant intra-
vasculaire (vegetant intravascular hemangioen-
dothelioma, Masson 1923; review: Steffen
2003). In 1932, the lesion was described again
by use of a different terminology (thrombopoietic
proliferating endovasculitis; Henschen 1932).
IPEH is now regarded as a benign, nonneoplastic
vascular lesion originating from an organizing
vascular thrombus or, less frequently, from a
hematoma, with unusual reactive proliferation of
endothelial cells (Clearkin and Enzinger 1976;
Hashimoto et al. 1983). Variants of PEH develop-
ing in an extravascular compartment and specifi-
cally in hematomas are termed extravascular
papillary endothelial hyperplasia (EPEH; Pins
et al. 1993; Sezgin et al. 2005).

The lesion typically occurs in adults, but pedi-
atric cases have also been reported. IPEH has a
propensity to occur in the skin and subcutis, but
other locations are also well documented, includ-
ing the breast and mammary subcutaneous tissue,
oral cavity, hypopharynx and larynx, parotid
gland, lung, intestinal tract, spleen, tendon
sheaths, kidney, urinary bladder, renal vein,
other large vessels and their aneurysms, adrenal,
retroperitoneal space, bone, central nervous sys-
tem, and liver (Hong et al. 2004; Kan et al. 2004).
In the skin, IPEH may present as multiple recur-
rent dark to almost black papular lesions involv-
ing the entire body, resembling cutaneous
metastases of malignant melanoma. IPEH is
commonly a slow-growing lesion, but phases of
rapid enlargement of the process may be caused
by repeated bleeding into the lesion, and hemor-
rhage from IPEH may be massive (Jung
et al. 2005; Rizza et al. 2009).

IPEH of the Hepatobiliary System

IPEH can involve the gastrointestinal tract
(Meadows et al. 2010). Very rarely, IPEH has
been detected in the liver (Hong et al. 2004;
Kan et al. 2004). A 69-year-old female showed,
on abdominal CT scan, a 10 � 7 cm-sized, lobu-
lated heterogeneous contrast-enhancing soft tis-
sue mass involving the entire left liver lobe (Hong
et al. 2004). In the arterial phase of CT, the mass
had a focal nodular enhancement around its
peripheral portion, whereas in the delayed
phase, there was a persistent low-density
noncontrast-enhancing portion in the tumor cen-
ter. Angiography exhibited some tumor-
supplying arteries originating from the left
hepatic artery. The mass seen during operation
was limited to the left liver lobe, of 10 � 7 cm
size, and was a nonhomogeneous multinodular
mass including focal necrosis. No major vessel
invasion was observed. Histology of the resection
specimen showed IPEH. The 65-year-old male
patient described by Kan and coworkers (Kan
et al. 2004) had a cystic, focally calcified mass
of several cm diameter located within a dilated
left ventricular cavity. This mass appeared to float
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between the ventricle and mitral valve area. Mul-
tiple hyperechoic hepatic nodules were also iden-
tified on an abdominal sonograph. Histology of
the resected lesion showed IPEH, and similar
alterations were found in liver biopsies. The
liver nodules had the same papillary structures
within the liver parenchyma but had spared the
portal tracts.

Pathology

Based in the pattern of lesion development, IPEH
is pathologically classified in three subtypes: a
pure form, the most common, in which the
lesion arises in dilated blood vessels; a mixed
form in which IPEH arises in preexisting
vascular alterations (hemangioma, aneurysm,
arteriovenous malformation, and pyogenic gran-
uloma), and an extravascular form, the latter
called EPEH.

Histologically, two different papillary struc-
tures are observed: one defined as inflammatory
papilla constantly associated with thrombotic
material and the other defined as fibrous papilla
in the absence of a visible thrombus (Eusebi
et al. 1980). IPEH may mimic Kaposi’s sarcoma
(Reed et al. 1984; Torres and Rodriguez 1984).
Immunohistochemically, the endothelial struc-
tures are reactive for CD34, and the spindle cells
are positive for vimentin and, in part, smooth
muscle actin (Soares et al. 2008). Reactivity of
endothelial cells for factor VIII-associated antigen
was only observed in advanced or “mature”
lesions, similar to what happens in organizing
thrombi (Albrecht and Kahn 1990).

Pathogenesis

There is clear evidence that IPEH arises from an
exuberant organizing reaction within a thrombus
(organizing thrombus theory; Del Rio et al. 1992).
Similar lesions are sometimes found within hema-
tomas, i.e., outside vascular spaces (EPEH; see
above; Pins et al. 1993; Aulicino et al. 1995;
Sezgin et al. 2005).

Hepatic Angioleiomyoma

Introduction

Angioleiomyoma (angiomyoma, vascular
leiomyoma) is a benign soft tissue tumor that
usually develops in the subcutaneous tissue of
the lower extremities. These circumscribed nod-
ules consist of intertwined thick-walled, abnormal
vessel structures formed by proliferating smooth
muscle cells and narrow or slit-like vascular chan-
nels (reviews: Hachisuga et al. 1984; Ramesh
et al. 2004).

Clinical and Imaging Findings

Angioleiomyoma commonly presents as a painful
mass in about 60 % of the cases. Tumors located
in the extremities, and specifically in the hand,
typical display swelling with physical activity of
the involved part (Hachisuga et al. 1984; Ramesh
et al. 2004). Pain of the nodule (tuberculum
dolorosum) is thought to be caused by local ische-
mia due to contraction of the tumor vessels. In an
analysis of 229 cases, the lesions were detected in
high incidence in the fourth to sixth decade, with a
clear predilection for females (Katenkamp
et al. 1988).

Cytogenetic Findings

Relatively few data are available concerning kar-
yotypic aberrations in angioleiomyomas, includ-
ing t(X;10)(q22;q23.2) (Sonobe et al. 1996), del
(6)(p21p23), del(21)(q21)[12] (Heim et al. 1986),
t(X;11)(p11.4;p15) (Hennig et al. 1999) ), and
t(4;5)(p12;q33), der(13;15)(q10;q10) (Welborn
et al. 2010), and del(6)(q13q23), add(8)(q24),del
(19)(q10) (Welborn et al. 2010). Comparative
genomic hybridization was employed to study
relative DNA copy number changes in
33 angioleiomyomas. In about a third of the
cases, DNA copy number changes involved one
or two chromosomes with losses of chromosome
22 being the most common (Nishio et al. 2004).
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Angioleiomyoma of the Hepatobiliary
Tract

Angioleiomyoma of the liver has been described
in 60-year-old woman with mild upper right quad-
rant pain for 1 month. Plain spiral CT scans
showed a solitary, well-demarcated liver lesion
of 4 cm diameter in liver segment VIII. CT with
contrast revealed slight homogeneous enhance-
ment (60 HU) of the tumor in relation to the
surrounding normal liver substance. Tumor
biopsy showed typical angioleiomyoma, with
medium-sized blood vessels with thickened
walls. The vessel wall cells were in concentric
order with intervening radiant emission of spindle
and epithelioid cells in intervascular bundles. The
patient had an eventful course (Beissert
et al. 2002). Angioleiomyoma has been observed
in the gallbladder, sometimes causing hemobilia
and acute colicky pain (Aschl et al. 1999; Segura-
Sampedro et al. 2012).

Pathology

Histologically, four variants have been described,
i.e., solid/capillary forms (18 %), venous forms
(38 %), mixed/combined forms (43 %), and cav-
ernous forms (<1 %) (Hachisuga et al. 1984;
Katenkamp et al. 1988; Figs. 2 and 3). Mixed
and cavernous forms seem to be more frequent
in male patients (Katenkamp et al. 1988). Most of
the cells forming the nodule are strongly reactive
for alpha smooth muscle actin. Immunohisto-
chemically, the tumor itself does not contain
CD34-positive stromal cells, but bundles of such
cells are present at the tumor border and in the
adventitial tissue of the surrounding normal ves-
sels (Nakayama et al. 2002). Subcutaneous
smooth muscle tumors stain for p16 (Longano
et al. 2010).

Hemangioblastoma

ICD-O code 9161/1

Introduction

Hemangioblastoma (synonym, capillary
hemangioblastoma) is a distinct benign vascular
tumor of uncertain histogenesis characterized by

Fig. 2 Hepatic angioleiomyoma. Slit-like vascular spaces
with intervening smooth muscle cells (hematoxylin and
eosin stain)

Fig. 3 Hepatic angioleiomyoma. Numerous neoplastic
spindle cells are reactive for smooth muscle actin (alpha-
SMA immunostain)
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a network of vascular channels admixed with
often lipid-laden macrophages (the stromal
cells). Most hemangioblastoma develops in the
central nervous system, particularly in the area of
the cerebellum and less often in the lateral ven-
tricle, corpus callosum, spinal cord, retina, optic
nerve, pituitary gland, pineal gland, and menin-
ges. Up to 2.5 % of all intracranial tumors are
hemangioblastomas. Hemangioblastomas occur
as sporadic lesions or arise in the setting of von
Hippel-Lindau disease. A distinct pathway is
involved in angioblastomas developing in von
Hippel-Lindau (VHL) disease. In this disorder,
angioblastomas typically emerge in the retina
and the central nervous system, but they
may also occur in other parts of the body. Organs
and tissue involved with sporadic hemangio-
blastoma outside the CNS include the kidney,
adrenal gland, and retroperitoneum. In the lung,
a novel hemangioblastoma-like clear cell
stromal tumor was found that may have a relation
to the hemangioblastoma-associated stromal
cells (Falconieri et al. 2013). Few hemangio-
blastomas have been shown to contain
complex differentiation patterns, e.g., rhabdoid
features (Yin et al. 2012). Hemangioblastomas
occurring in the setting of VHL contain mast
cells that seem to be tumor-derived (Merrill
et al. 2013).

Primary Hepatic Angioblastoma

Hemangioblastoma can very rarely develop in the
liver, even as multifocal hyperechogenic lesions
(Rojiani et al. 1991; McGrath et al. 1992;
Hayasaka et al. 1999). These hypervascular and
arterialized masses have been reported to show
the same histologic pattern as the respective
CNS tumors, i.e., a complex mixture of vascular
structures and stromal cells mainly representing
lipid-laden foamy macrophage-like cells (Rojiani
et al. 1991; Hayasaka et al. 1999). This morpho-
logic presentation is clearly different from typical
hepatic hemangioma, which may rarely occur in
VHL (Zeitlin 1942). A part of the hepatic
hemangioblastomas were developed in the setting
of VHL (Hayasaka et al. 1999). In one patient

with VHL, multiple hepatic and pulmonary
hemangioblastomas were demonstrated (McGrath
et al. 1992).

Other Hepatic Lesions Associated
with von Hippel-Lindau Disease

Patients with VHL can develop ordinary hepatic
hemangiomas (Yavas et al. 2013) and hepatic
cysts (Lee et al. 2010) as a part of the
VHL-associated multiple cyst syndrome.

Differential Diagnosis

The very rare hepatic hemangioblastomas may
histologically be confounded with other hepatic
angiomatous lesions having small vascular chan-
nels, such as capillary or lobular hemangiomas.

Pathogenic Pathways

Hemangioblastomas composed of a probably still
immature endothelial lineage and stromal cells
seem to represent a mimicker of an early meso-
dermal phase of angiogenesis. The potential
involvement of an early mesodermal switch is
supported by the reactivity of these tumors for
the mesodermal transcription factor, brachyury/
Bra (Barresi et al. 2012). The typical stromal
cells of hemangioblastoma are thought to be com-
mitted stem cells, because they express both
CD133 and Oct4, and are suggested to produce
the distinct CD133-positive endothelium of these
tumors (Welten et al. 2012). It has also been
proposed that the tumors might derive from neo-
plastic transformation of neural stem cells in a
specific niche (Ma et al. 2011) or from
embryologic multipotent cells (Park et al. 2007).
In the cerebella of patients with VHL, develop-
mentally arrested structural elements (arrest of
angioblastic lineage) were detected (Vortmeyer
et al. 2003). These structures are composed of
poorly differentiated cells expressing hypoxia-
inducible factor (HIF)2alpha, but not HIF1alpha
or brachyury. These elements were mainly found
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in the molecular layer of the dorsum cerebelli,
structures proposed to be developmentally
arrested hemangioblast progenitor cells (Shively
et al. 2011).

The cell systems involved in the pathogenesis
of hemangioblastoma are subject to the complex
metabolic alterations associated with von Hippel-
Lindau disease (VHL), an autosomal-dominant
disorder (OMIM 193300). Patients with VHL suf-
fer from familial and sporadic hemangio-
blastomas, clear cell carcinoma of the kidney,
pheochromocytoma, distinct neuroendocrine
tumors, epididymal papillary cystadenomas,
microcystic adenomas of the pancreas, endolym-
phatic sac tumors, cysts in several organs (mainly
pancreas), and inherited forms of erythrocytosis
(review: Maher et al. 2011). VHL is caused by
germ line mutations of the VHL tumor suppressor
gene and of the gene product, pVHL (review:
Kortmeyer et al. 2013).

pVHL, which is localized to the cytoplasm of
normal and neoplastic cells (Corless et al. 1997).
has a central role in the regulation of oxygen
sensing via the hypoxia-inducible factor (HIF)
signaling cascade. HIFs are heterodimeric
oxygen-sensing transcription factors that are cru-
cially involved in the cellular adaptation to low
oxygen environments. The extensive transcrip-
tional program regulated by HIFs involves the
induction of genes that control angiogenesis, cell
proliferation and apoptosis, and mechanisms
involved in metastasis. HIFs are heterodimers
consisting of HIF-alpha and HIF-beta subunits.
HIF-2alpha-dependent gene expression, such as
ANGPLT4 and erythropoietin, are regulated by
PARP-1/poly(ADP-ribose) polymerase-1 in the
hypoxic response (Gonzalez-Flores et al. 2014).
VHL acts as a master regulator of HIF activity by
recognizing the substrate-recognition component
of an E3 ubiquitin ligase complex that
ubiquitinylates the hydroxylated catalytic alpha
subunit of HIF for oxygen-dependent degradation
(review: Haase 2009). Three cellular oxygen sen-
sors mark the HIFs for pVHL-mediated degrada-
tions, i.e., the prolyl hydroxlyases PHD1, PHD2,
and PHD3 (Pientka et al. 2012; Jaakkola and
Rantanen 2013; Myllyharju and Koivunen
2013). The stability of HIF1alpha is increased by

interaction of the transitionally controlled tumor
protein/TCTP and degradation of pVHL. In hyp-
oxic tumor tissues, VEGF expression is positively
regulated by histone deacetylase 1/HDAC1 and
negatively regulated by the pVHL via HIF1alpha
(Reynoso-Roldan et al. 2012). HIF2alpha is reg-
ulated, in its action as a proangiogenic factor, by
the orphan nuclear receptor TLX (Zeng
et al. 2012). The role of HIFs as proliferation-
stimulating factors depend on their role as an
mTORC1 activator (Elorza et al. 2012).

pVHL binds to two subunits of the transcription
elongation complex elongin, causing a decreased
activity of this complex, suggesting that pVHL
functions as a negative regulator of transcription
elongation. There is evidence that regulated accu-
mulation of HIF caused by failure of pVHL-
mediated HIF degradation is an important factor
in oncogenic pathways operating in VHL, e.g., in
clear cell renal carcinoma. A second proposed
oncogenic mechanism related to HIF involves
E-cadherin, an adhesion molecule playing a signif-
icant role in cancerogenesis. pVHL promotes an
E2-box-dependent E-cadherin transcription by
HIF-mediated regulation of the transcription
repressors SIP1 and snail (Evans et al. 2007).
pVHL is also involved in the control of genomic
stability. In response to DNA double-strand breaks,
the suppressor of cytokine signaling 1 (SOCS1)
promotes nuclear redistribution and K63 ubiquiti-
nylation of pVHL. Loss of pVHL function in VHL
compromises its K63 ubiquitinylation and attenu-
ates the DNA-damage response, causing persis-
tence of DNA double-strand breaks and
promoting genomic instability and tumorigenesis
(Metcalf et al. 2013). A further important role of
pVHL, proposed to be involved in tumorigenesis,
is related to cilial function. Primary cilium forma-
tion in renal cells requires the action of pVHL (Lutz
and Burk 2006), and defective function of pVHL in
VHL may thus promote renal and other cysts by
failure of ciliogenesis (Rankin et al. 2006). This
effect of pVHL on ciliogenesis depends of the
phosphorylating factor, Nek1 (Patil et al. 2013).
The high frequency of renal carcinomas in VHL
may also be connected with a cilial connection of
pVHL. It was found that human renal carcinomas
have a lower frequency of cilia than the

918 50 Variants of Hepatobiliary Angiomatous Tumors



neighboring parenchymal tissue (Basten
et al. 2013). Mice with targeted inactivation of the
VHL gene developed hepatic cavernous hemangi-
omas (Haase et al. 2001), while in another murine
model, VHL and PTEN conditional deletions
caused multiple cavernous liver lesions in a coor-
dinated manner (Chen et al. 2010). The probability
of developing familial or recurrent sporadic
hemangioblastoma in patients with mutated VHL
is higher in the presence of a vitronectin M381T
polymorphism (Huang et al. 2009).

Liver Involvement in Splenic Littoral
Cell Tumors

Introduction

Littoral cell vascular tumors of the spleen form a
unique group of vascular neoplasms are derived
from cells of the red pulp, with a variable biology
of disease. Littoral cell angioma, the most com-
mon form within the group, was first described in
1991 (Falk et al. 1991). Since then, other variants
have been defined. The neoplastic cell is regarded
as the transformed offspring of splenic littoral
cells or venous sinus-lining cells (Rosso
et al. 1995, 1996; Johnson et al. 2007; Kranzfelder
et al. 2012; Larsen et al. 2013). The tumors can be
divided into splenic littoral cell angioma (SLCA),
splenic littoral cell hemangioendothelioma
(SLCH), and littoral cell angiosarcoma (SLCAS)
(He et al. 2014).

SLCA is regarded as benign and usually occurs
in adults without gender predilection. The solitary
or multiple nodules can cause significant asymp-
tomatic or symptomatic splenomegaly. Multiple
nodules are found in 85 % of cases. SLCA can
occur with concomitant visceral malignancies,
such as colorectal cancer, pancreatic carcinoma,
renal cell carcinoma, urologic cancer, ovarian can-
cer, and lung carcinomas, and was also observed
in association with melanoma and lymphoma.
SLCH shows a protracted course (Ben-Izhak
et al. 2001) and can behave in a low-grade malig-
nant manner. SLCAS exists as low- and high-
grade malignancy lesions (Rosso and Paulli
2004). Histologically, littoral cell vascular tumors

are composed of a network of ectatic blood-filled
channels lined by plump, bland, or atypical cells
that may form intraluminal papillary fronds and
show erythrophagocytosis. There seems to be a
transition from littoral cell angioma to low-grade
malignant forms (Fernandez et al. 2006).
Immunohistochemically, the littoral tumor cells
are reactive for CD31, CD68, CD21, and CD163
but negative for CD34 . This unique cell therefore
expresses both endothelial and macrophage/his-
tiocyte markers (Fernandez et al. 2006; Larsen
et al. 2013). Littoral cells or splenic venous
sinus-lining cells highly express the formin
homology domain protein 1, the red blood cell
Duffy antigen receptor for chemokines, CD8 a/a,
and SIRPa (CD172a).

Liver Involvement in Littoral Cell
Hemangioendothelioma and Littoral
Cell Angiosarcoma

Both SLCH and SLCAS can metastasize to the
liver (Fernandez et al. 2006; Wang et al. 2013; He
et al. 2014). In SLCH, two forms have been
shown to metastasize to the liver, a more common
typical hemangioendothelioma with nuclear
atypia and necrosis, and an uncommon variant
with bland, plump cells (Fernandez et al. 2006).
Most cases of SLCAS metastasizing to the liver
form metastatic nodular masses, but diffuse
spread to the liver is also known. Specifically,
low-grade SLCAS can spread to the liver with a
diffusely infiltrating pattern (Larsen et al. 2013).
SLCH and SLCASmetastasizing to the liver show
the same histology and immunohistochemical
phenotype as the primary splenic tumors.

Hepatic Hemangioendothelioma with
Epithelioid Morphology
and Eosinophilia

Introduction

Vascular tumors are characterized by an epitheli-
oid phenotype of endothelial cells from a complex
group of neoplasms with a broad spectrum of
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biologic behavior, ranging from benign to poten-
tially malignant and frankly malignant (the family
of epithelioid vascular tumors; Tsang and Chan
1993). The most common epithelioid vascular
tumor of the liver is epithelioid hemangioen-
dothelioma (HEHE), but there are few lesions
with an epithelioid phenotype that deviate from
the features of HEHE. Hepatic hemangioen-
dothelioma with epithelioid morphology and
eosinophilia is a very rare example of such
unusual vascular liver tumors.

Clinical Features

As described in the original report (Kimura
et al. 2006), a 33-year-old man was found to
have hepatosplenomegaly, an itchy eczematous
rash scattered on the trunk and the extremities,
marked peripheral blood eosinophilia, markedly
elevated IgE serum levels, and an increased serum
IL-5. A bone marrow biopsy showed a
hypercellular hemopoietic tissue with increased
eosinopoiesis but without signs of malignancy.
No chromosomal anomalies were detected in mar-
row cells. Liver biopsy revealed an eosinophil
infiltrated and a vascular proliferation character-
ized by well-formed blood vessels lined with
plump endothelial cells (positive for CD31 and
factor VIII-associated antigen but not for CD34)
with eosinophilic cytoplasm and a large vesicular
nucleus. Steroid therapy improved the skin
lesions and hydroxyurea normalized eosinophilia,
but 1 year after diagnosis, liver failure ensued
causing death.

Pathology

Autopsy revealed massive hepatomegaly
(4,160 g) and ill-defined multiple spongy lesions
scattered throughout the liver. In addition, nodular
gray to white areas, 2–6 cm in diameter, were
observed in this organ.

Microscopically, the lesions were composed of
vascular proliferations with epithelioid endothe-
lial cells as already seen in the liver biopsy. A part
of these endothelial cells had a vacuolated

cytoplasm. Dilated vascular channels and solid
areas with few vascular spaces were noted.

The histologic phenotype somewhat resembles
other vascular proliferations with an inflammatory
response, encompassing such entities as
angiolymphoid hyperplasia with eosinophilia
(ALHE), inflammatory angiomatous nodules,
atypical pyogenic granuloma, histiocytoid hem-
angioma, and Kimura’s disease.
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