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Abstract

Infantile hepatic hemangiomas (IHHs) are common benign tumors seen in the liver of infants. IHHs are true infantile hemangiomas
(IHs) and have phases of proliferation and involution parallel to those of cutaneous IHs. The definition and classification of IHH are still
confusing in the literature. The mechanisms during the pathogenesis of IHH have yet to be discovered. The clinical manifestations
of IHH are heterogeneous. Although most IHH lesions are asymptomatic, some lesions can lead to severe complications, such as
hypothyroidism, consumptive coagulopathy, and high-output congestive cardiac failure. Consequently, some patients can possibly
encounter a fatal clinical condition. The heterogeneity of the lesions and the occurrence of disease-related comorbidities can make
the treatment of IHH challenging. Oral propranolol is emerging as an effective systemic approach to IHH with obvious responses
in tumor remission and symptom regression. However, the precise clinical characteristics and treatment strategies for patients with
severe IHH have not yet been well established. Here, we summarize the epidemiology, pathogenic mechanism, clinical manifestations,
diagnosis, and treatment of IHH. Recent updates and future perspectives for IHH will also be elaborated.
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Introduction
Hepatic hemangioma (HH) is a common benign hepatic tumor in
infancy. Based on the guidance of the International Society for
the Study of Vascular Anomalies (ISSVA), HHs are classified into
three different subtypes: focal HH, multiple infantile HH (IHH),
and diffuse IHH.1 Focal HH, also known as congenital HH (CHH), is
the hepatic form of the congenital hemangioma of the skin. Fully
grown at birth, CHH is distinct from IHH biologically. In contrast,
IHH shares the same proliferation and regression phases as cuta-
neous infantile hemangioma (IH).2,3

Clinically, many multifocal IHHs are asymptomatic. However,
some IHHs can result in severe complications, including conges-
tive heart failure (CHF), hypothyroidism, and abdominal compart-
ment syndrome (ACS).4,5 Under untreated/undetected conditions,
multiple IHHs may continue proliferating and evolving into dif-
fuse lesions. Diffuse IHHs are more likely to lead to death.6 The
overall mortality rate in patients with IHH was 16%, with a rate of
38% within cases with diffuse IHH and 9% within cases with mul-
tifocal IHH.7 The precise pathogenesis of IHH remains to be fully
understood, and the development of IHH is likely to be related to
multiple molecular mechanisms. In this review, we will summa-
rize the current knowledge of IHH and discuss the most recent
and significant data concerning its pathogenesis, diagnosis, prog-
nosis, and treatment.

Definition
Despite the notable progress that has been made in the under-
standing of vascular tumors and vascular malformations by the

ISSVA, confusion regarding the terminology used to describe HH
still persists. The term ‘hepatic hemangioendothelioma’ has inac-
curately been used for patients with CHH or IHH.8–14 In fact, hep-
atic hemangioendothelioma is a histologic diagnosis. The term
‘hepatic hemangioendothelioma’ should not be used in the ab-
sence of a histologic examination. Besides, use of the term HH
avoids confusion with epithelioid hemangioendothelioma, ka-
posiform hemangioendothelioma (KHE), and hemangioendothe-
lioma not otherwise specified.

Additionally, it is noteworthy that CHH and IHH are vascular tu-
mors that are unique to infancy. The term ‘hepatic hemangioma’
should not be used for any vascular malformation affecting the
liver.15 In these scenarios, ‘hepatic hemangioma’ was commonly
assigned erroneously to hepatic venous malformations, hepatic
adenomas, hepatic arteriovenous malformations, and portal vein
aneurysms. Notably, IHH in children is radically different from
‘hepatic hemangioma’ in adults since the latter is an essential ve-
nous malformation.16

Classification
Classification for HH continues to evolve as our knowledge of the
natural history and biology of HH improve (Table 1). The distinc-
tions between focal CHH and multifocal and diffuse IHH are not
just semantic. In fact, CHHs are pathophysiologically and behav-
iorally distinct from IHHs.17,18 Generally present and fully formed
at birth, CHHs are the hepatic equivalent of cutaneous congeni-
tal hemangiomas (Fig. 1). In contrast, IHHs belong to true IHs that
undergo identical phases of proliferation and growth to cutaneous
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Table 1. Three different types of hepatic hemangiomas.

Parameter Congenital hepatic hemangioma
Multifocal infantile hepatic

hemangioma
Diffuse infantile hepatic

hemangioma

Age at onset Prenatal Postnatal Postnatal
Growth pattens Grow antenatally and fully formed

at birth
Growth in the first weeks or

months after birth
Rapid growth in the first weeks or

months after birth
Symptoms and
complications

Rarely associated with cutaneous
IH. Most cases are asymptomatic.
Some cases have mild anemia or

thrombocytopenia. Few cases with
high-output cardiac failure due to
macrovascular shunting. Do not

cause hypothyroidism

Frequently associated with
cutaneous IH. Many cases are

asymptomatic. Some cases with
moderate hypothyroidism,
high-output cardiac failure

secondary to macrovascular
shunting

Frequently associated with
cutaneous IH. Almost all cases are

symptomatic, with abdominal
compartment syndrome, cardiac

failure, and severe hypothyroidism

Image findings on MRI A solitary, well-defined, spherical
lesion; usually hypointense to liver

on T1-weight image and
hyperintense on T2-weight image;

centripetal enhancement with
gadolinium

Multiple homogeneous enhanced
spherical lesions with intervening

areas of normal hepatic
parenchyma; hypointense to liver

on T1-weight image and
hyperintense on T2-weight image

Innumerable lesions nearly involve
the whole liver

Pathological features Negative for glucose transporter-1 Positive for glucose transporter-1 Positive for glucose transporter-1
Management Observation for asymptomatic

patients; embolization or surgery
for severe macrovascular shunting

Observation for asymptomatic
patients; embolization or surgery

for severe macrovascular shunting;
propranolol, steroid, a combination

of medical treatment; thyroid
hormone replacement for cases

with hypothyroidism; liver
transplantation

Propranolol, steroid, or a
combination of medical treatment;
thyroid hormone replacement for

cases with hypothyroidism;
embolization for sever

macrovascular shunting; liver
transplantation

Figure 1. CHHs are the hepatic equivalent of cutaneous congenital hemangiomas, which arise in utero and are present and fully formed at birth. CHHs
may have three distinct growth patterns: rapidly involuting congenital hemangiomas, which rapidly involute in infancy; partially involuting congenital
hemangiomas; and noninvoluting congenital hemangiomas, which do not involute.81,86 (A) Prenatal T2-weighted MRI at 34 weeks gestational age
demonstrates a CHH in the fetus. (B) Postnatal T2-weighted MRI at 5 days of age reveals a large hyperintense lesion in the liver. The lesion continued
to involute over time with no treatment. (C) T2-weighted MRI at 2 years of age demonstrates nearly complete involution of the liver lesion.

IHs.2,3 Positive staining for glucose transporter 1 (Glut-1) is one of
the most specific histologic markers that can identify IHHs from
other types of hepatic vascular anomalies (e.g. CHHs).19

According to the classification of IHH, multifocal IHHs are de-
fined as individual spherical masses with intervening segments of
normal liver parenchyma (Fig. 2); diffuse IHHs are defined as near-
total replacement of normal liver parenchyma with innumerable
tumors.2,3 In other words, the only difference between multifocal
IHH and diffuse IHH is the degree of the liver replaced by tumor
lesions (Fig. 3). Because IHH shares the same patterns of prolifera-
tion and regression as its more common cutaneous counterparts,
for those untreated and/or undetected multifocal IHHs, it might

continue to grow and have a trend to become diffuse lesions. A
recent study demonstrated that NOGOB receptor-mediated RAS
membrane accumulation in hemangioma-derived stem cells may
contribute to this malignancy of IHH.20 There would be a phase
in which the symptoms are parallel to diffuse lesions, but the
hepatic parenchyma is not wholly occupied with hemangiomas
(Fig. 4). We propose that there remains an ‘intermediate’ type of
IHH between these two lesions. ‘Intermediate’ type of IHH might
be the precursor of diffuse IHH. Several previous studies have
found this phenomenon. In 2012, Kulungowski et al. first reported
that two patients had the characteristics of both multifocal and
diffuse IHH.21 Subsequently, Ji and colleagues also reported that
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Figure 2. Multiple cutaneous IH with multifocal IHH. (A) Multiple cutaneous IH (IHs) in a 2-month-old female with multifocal IHH. (B) T2-weighted
MRI shows multifocal hepatic lesions, which are hyperintense with intervening areas of normal hepatic parenchyma.

Figure 3. Diffuse IHH with severe complications. (A) A 1.5-month-old female with massive hepatomegaly, which caused severe respiratory
compromise, high output cardiac failure, and abdominal compartment syndrome. (B) T2-weighted MRI shows massive liver involvement of
innumerable lesions with near complete displacement of all liver parenchyma.

patients presented a hepatic lesion type similar to both multifocal
and diffuse IHH.22,23 Li et al. divided the multifocal type into count-
able and uncountable subgroups and found that the uncountable
group was akin to the diffuse type in clinical characteristics and
growth patents.24

Epidemiology and demography
Since IHH is relatively rare and often neglected in the absence of
symptoms, few studies have been reported on the incidence of
IHH. The precise incidence of IHH is not known but likely occurs
in 1 in 200 000 children per year.25 Clinically, asymptomatic IHH
lesions are less likely to be identified or reported. The actual in-
cidence of IHH is likely higher than that reported in the current
published studies. However, the widespread use of noninvasive ul-
trasonography might increase the detection of asymptomatic IHH
in infancy. Clinically, ∼90% of IHHs are diagnosed before the age of
6 months, and diffuse IHH is more likely to be diagnosed in early
infancy.26 There is a significant female predominance in patients
with IHH, with a ratio of 2:1.21

Risk factors
It has been reported that multiple cutaneous IHs may be associ-
ated with IHHs.27,28 Cutaneous IHs accompanied three-quarters
of multifocal IHHs and more than half of diffuse IHHs.21 A recent
study showed that increased numbers of cutaneous IHs were re-
lated to an increased risk of IHH.29 The mechanism behind this
association is unknown. One interesting hypothesis is that an in-
creasing number of circulating endothelial progenitor cells (EPCs)
may prompt the development of IHs in the skin and liver.30

The pathogenesis of cutaneous IH has been proven to be related
to maternal and perinatal factors, although little information is
available for IHH. Maternal factors such as advanced maternal
age, assisted reproductive technology, threatened abortion, gesta-
tional diabetes mellitus, preeclampsia, and progesterone use are
related to cutaneous IH. Perinatal factors are also associated with
IH, such as Caucasian sex, female sex, multiple gestations and so
on.31–33

However, it is worth noting that the long-held conclusion that
preterm birth and low birth weight (LBW) are risk factors has
become controversial.31,34 A previous study identified that every
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Figure 4. ‘Combined’ IHH. A representative T2-weighted MRI of ‘combined’ IHH. The IHHs were innumerable and coalesced, but the lesions did not
entirely replace the hepatic parenchyma.

500 g decrease in birth weight can lead to an increase in the risk
of IH by 40%.35 However, a recent nationwide longitudinal study
in Japan identified that LBW and preterm birth were not signifi-
cantly associated with IH.36 What we cannot deny is that with the
development of medicine, more babies who would otherwise be
preterm or LBW are not preterm or LBW due to various interven-
tions, such as fetal preservation and lung maturation, making the
picture of preterm birth and LBW more complicated today than it
was a few decades ago. At present, there is still a lack of up-to-date
mechanistic research.

In general, the risk factors for IH and IHH have been a research
hotspot. With the gradual deepening understanding of the patho-
genesis of IH, more potential risk factors have been discovered,
which is conducive to exploring its pathogenesis. However, reli-
able studies with large sample sizes providing high-quality evi-
dence are lacking.

Etiology and pathology
Placental abnormalities have a key aspect in IHH
etiology
The pathogenesis of IHH is controversial and not fully elucidated.
Hypoxia theory, cell implantation, and other theories have grad-
ually been put forward.30,37 As one possible cell origin of IHH,
the placenta is often considered to have a connection with IHH
because they both express GLUT-1.38 There are histopathological
similarities between placental chorangioma and hemangioma
tissue, raising the possibility that chorangioma is the placental
counterpart of cutaneous IH and IHH.39 Circulating EPCs may
encounter ischemic tissue and the hypoxia-induced factors [vas-
cular endothelial growth factor A (VEFG-A), hypoxia inducible
factor 1α (HIF-1α)] required to stimulate their development in

tissues (e.g. skin and liver).40 In fact, placental abnormalities
(e.g. preeclampsia, placenta previa, retroplacental hematoma,
and dilated vascular communications) are kinds of diseases
involving abnormal placental morphology and function.32 The
diseases encompassed are complicated, and the mechanisms
behind them can be complex. It is interesting to further explore
the connections.

Endothelial progenitor cells play a role in IHH
progression
The initial clinical manifestation of the promontory mark of cuta-
neous IH as ‘area of low blood flow’ or ‘anemic nevi’ indicates tis-
sue ischemia, which can stimulate neovascularization.41 In fact,
EPCs were found to be present in proliferating IH and shared prop-
erties with cord blood EPCs and hemangioma-derived endothelial
cells (HemECs).42,43 Hemangioma-derived EPCs (or hemangioma-
derived stem cells) have the ability to produce GLUT-1-positive mi-
crovessels in nude mice.44,45 EPCs help tumor angiogenesis by dif-
ferentiating into ECs and regulating preexisting ECs and other cell
types (e.g. pericytes) with the production of paracrine and/or jux-
tacrine signals. These signaling pathways include VEGF/VEGF re-
ceptor (VEGFR)-2 and stromal cell-derived factor-1α (SDF-1α)/CXC
motif chemokine receptor type 4 (CXCR4).46,47 Although they
mainly exist in the bone marrow of adults, EPCs were also de-
tected in fetal liver, umbilical cord blood, and peripheral blood.
Interestingly, more circulating EPCs were detected in children with
IH than in normal controls.48 These observations raise the intrigu-
ing possibility that EPCs can home to IHs with the stimulation of
chemokine gradients (e.g. VEGF), which are formed in ischemic tis-
sues and/or hemangioma precursors, where they can participate
in IH vasculogenesis and angiogenesis (Fig. 5).37
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Figure 5. Angiogenesis in IH. Angiogenesis plays crucial roles in the development of IH. Angiogenic sprouts emerge from the newly formed vessels in
response to proangiogenic cues, such as hypoxia-induced VEGF-A, epidermal growth factor (EGF), fibroblast growth factor (FGF), and HIF-1α.37 The IH
site (hypoxic area) secretes cytokines (e.g. MMP9) that promote EPC homing.49 After homing, EPCs differentiate into ECs and promote both angiogenic
signals and structural support to augment angiogenesis.43 During sprouting angiogenesis, the VEGF-A and Notch signaling pathways are implicated in
the specification of tip and stalk cells in the vascular endothelium. VEGF-A stimulation, acting via VEGFR-2, increases Dll4 on endothelial cells, which
in turn activates Notch receptors (e.g. Notch1) on neighbouring endothelial cells.99–101 Overexpression of platelet-derived growth factor (PDGF) within
the hypoxic tumor site results in increased pericyte recruitment and coverage.102 (This figure was created by the authors on Biorender,
https://biorender.com)

Estrogen and hypoxia in IHH: triggers of IHH
IHH is more common in females. Normally, females bear a higher
level of estrogen. During labor, blood levels of estradiol in the
mother may be >500 times the normal value. During the peri-
natal period, the significant increase in free estrogen levels may
stimulate areas of hypoxic endothelium to induce IH develop-
ment.37 Therefore, it is conceivable that higher estrogen level as
well as higher sensitivity in females, are related to IHH. In fact,
estrogens, erythropoietin, VEGF-A, SDF-1α, and HIF-1α have been
demonstrated to induce the circulating EPCs.40,46,47 Estrogen and
hypoxia work synergistically on the upregulation of matrix met-
alloproteinase (MMP-9) in HemECs.49 During postnatal vasculo-
genesis and angiogenesis, MMP-9 is a key mediator that can en-
hance the recruitment of EPCs to ischemic and hypoxic tissue. In
addition, synergy between estrogen and hypoxia signaling leads
to increased HemEC proliferation, which may explain the rapid
proliferation of IH in the perinatal period.49

Glycolysis in IHH
Angiogenesis is widely accepted to contribute to the develop-
ment of IH37. In conditions of growth factor stimulation, espe-
cially VEGF, EC sprouting angiogenesis starts with an EC pheno-
type changing from a quiescent state to an active state50. There-
fore, a large amount of energy is required to support cell prolifer-
ation and migration during angiogenesis. Compared with healthy
ECs, tumor ECs rely heavily on glycolysis for energy production
even in the presence of O2

51. Metabolism-related biological pro-
cesses (e.g. “glycogen biosynthetic process” and “respiratory elec-
tron transport chain”) and pathways, including “oxidative phos-

phorylation” and “pyruvate metabolism”, were found in prolifer-
ating hemangioma tissues52.

Glut-1, a diagnostic marker of IHH, is the main carrier that
transports glucose into the cytoplasm for ATP production. A re-
cent study demonstrated that several key enzymes in the gly-
colytic pathway, including Glut-1, hexokinase-2, and lactate de-
hydrogenase A, were highly expressed in HemECs compared with
human umbilical vein ECs53. Additionally, inhibition of these gly-
colytic enzymes can suppress HemEC proliferation and migra-
tion53. In agreement, phosphofructokinase-1 (PFK-1) , the most
important rate-limiting enzyme in the glycolytic pathway, was
more highly expressed in proliferating IH tissue than in involuting
IH tissue. Targeting the expression of PFK-1 by shRNA significantly
inhibited HemEC proliferation and migration and induced HemEC
cycle arrest52. These novel findings indicate that glycolysis may
participate in the development of IHH (Fig. 6).

Clinical manifestations
Regarding clinical presentation, most cases of multifocal IHH are
asymptomatic and are often found incidentally. Only a few pa-
tients (∼9.7%) detected by screening were symptomatic.29 How-
ever, when present, the clinical manifestations of IHH are non-
specific, and common symptoms are hepatomegaly, abdominal
distention, malnutrition, and failure to thrive. Serious compli-
cations (e.g. hypothyroidism, CHF, and ACS) can occur in se-
vere patients.3,10,54–62 If untreated and/or undetected, multifocal
IHH may continue to grow rapidly and finally evolve into dif-
fuse IHH.6 Therefore, patients with multifocal IHH should be reg-
ularly followed-up to monitor potential proliferation to diffuse
lesions.

https://biorender.com
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Figure 6. Glycolysis promotes angiogenesis in IH. Glycolysis is defined as the conversion of glucose into pyruvate. In the presence of oxygen, glucose is
finally converted into lactate, which is known as aerobic glycolysis or the “Warburg effect”. Several advantages exist for tumor endothelial cell reliance
on glycolysis, including producing ATP faster, reducing reactive oxygen species production, providing more carbon skeletons for biosynthesis, and
more adaptation to a hypoxic environment.103,104 Both the PI3K/Akt/mTOR pathway and HIF-1α pathway are involved in the pathogenesis of IH.49 The
PI3K/Akt/mTOR pathway and HIF-1α pathway are key regulators of glycolysis.105 Upregulated VEGF/VEGFR-2 signaling in HemECs induced an
autocrine signaling loop, which resulted in Akt activation.106 Activation of AKT can stabilize the glucose transporter Glut-1 at the plasma membrane,
increasing aerobic glycolysis.105 Glycolysis promotes endothelial cell competitiveness for the tip position, thus promoting IH angiogenesis (This figure
was created by the authors on Biorender, https://biorender.com). Abbreviations: G6P, Glucose-6-phosphatase; F6P, Fructose-6-phosphate; FBP,
Fructose-1,6-bisphosphate; G3P, Glyceraldehyde-3-phosphate; 1,3BPG, 1,3-Bisphosphoglycerate; 3PG, 3-Phosphoglycerate; 2PG, 2-Phosphoglycerate;
PEP, Phosphoenolpyruvate; Pyr, Pyruvate; Lac, Lactate; GLUT1, Glucose transporter 1; HK2, Hexokinase 2; PFK1, Phosphofructokinase 1; PKM2, Pyruvate
kinase M2; LDHA, Lactate Dehydrogenase A; TCA, Tricarboxylic acid.

Evidence suggests that diffuse IHHs have more serious symp-
toms than multifocal IHHs. Most of these tumor lesions have
a similar pattern, with progressive abdominal distention and
hepatomegaly. It is convincing that patients suffering from diffuse
IHH were associated with an increased risk of mortality. Abdomi-
nal distention, coagulopathy, and high-output cardiac failure were
the major symptoms in patients with diffuse IHH.1,21

Complications
Complications in patients with IHH are not rare. Both multifo-
cal and diffuse IHHs can potentially be associated with compli-
cations. The presence of complications and complication sever-
ity chiefly depend on the patient’s age, tumor size, and tumor
type. It is prudent for pediatric clinicians to remain alert for

potential complications that may herald future morbidity or
mortality.

Consumptive hypothyroidism
As a life-threatening complication of IHH, consumptive hypothy-
roidism is attributed to the overexpression of type 3 iodothyro-
nine deiodinase in tumor lesions.62 Hypothyroidism in IHH differs
from congenital hypothyroidism in clinical presentation and pro-
gression.56 Untreated consumptive hypothyroidism in cases with
IHH can impair contractility, resulting in low cardiac output heart
failure. In addition, hypothyroidism can also cause permanent
neurologic damage. In a single-center retrospective study, the au-
thors revealed that the incidence of clinical adverse events (e.g.
hypothyroidism) in patients with HHs (including CHHs and IHHs)
was low.63 However, CHHs do not express type 3 iodothyronine

https://biorender.com
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deiodinase, which inactivates the thyroid hormone, and there-
fore, they cannot cause hypothyroidism. In the largest prospec-
tive study to date, Ji et al. revealed that patients with cutaneous
IH identified by screening had a 12.9% chance of having consump-
tive hypothyroidism.29 Diffuse lesions and large multifocal lesions
were the risk factors of consumptive hypothyroidism. However,
profound hypothyroidism (TSH > 50 μU/mL) occurred exclusively
in diffuse IHH.2 Patients with diffuse IHH and large multifocal
should be screened for consumptive hypothyroidism regularly
due to its high risk.

Congestive heart failure
Macrovascular shunting (arteriovenous, arterioportal, or portove-
nous shunting) in patients with IHH can lead to a decrease in sys-
temic blood volume and an increase in pulmonary blood volume,
thus causing high-output cardiac failure. IHH associated with CHF
is characterized by an early age of onset. The symptoms in these
patients can be very severe.4,8,12,54 Compromised CHF is often an
end-stage event that is usually fatal to infants. Therefore, when
IHH with severe and complex conditions is detected for the first
time, echocardiography is recommended to screen CHF as early
as possible.64

Abdominal compartment syndrome
ACS is noted exclusively in diffuse IHH and is associated with mor-
bidity in diffuse IHH. Diffuse IHHs have little liver parenchyma
apparent between densely packed nodular hemangioma lesions
throughout the involved liver. Cases with diffuse IHH usually
present with abdominal distention and hepatomegaly, both of
which can become massive.24 As a result, patients may develop
ACS with compromised ventilation and poor inferior vena caval
blood return to the heart. Respiratory distress and multiorgan fail-
ure can occur in patients with ACS.7,13,65

Thrombocytopenia and coagulopathy
Thrombocytopenia, coagulopathy, and anemia, may possibly co-
exist in patients with IHH.59,66 The thrombocytopenia and coag-
ulopathy in IHH may be caused by the highly increased vascu-
lar bed and elevated shear stress within the tumor.67 Treatment-
resistant coagulopathy has been revealed as a risk factor for mor-
tality, especially if the coagulopathy is symptomatic. IHH with
thrombocytopenia and coagulopathy presented significant dete-
rioration among the patients who died.7,36 Moreover, Tatsuo et al.
revealed that thrombocyte count and the prothrombin time im-
proved after treatment in survivors, whereas these hematologic
parameters deteriorated even after treatment in patients who had
died.5

The thrombocytopenia and coagulopathy in IHH may overlap
with the Kasabach–Merritt phenomenon (KMP) in KHE (or much
less common in tufted hemangioma).68,69 KHE is a locally ag-
gressive or borderline vascular tumor that never presents in the
hepatic parenchyma.70 In addition, thrombocytopenia and coag-
ulopathy in IHH are usually transient and milder than those seen
in KHE with KMP.

Diagnosis
The radiologic characteristics of IHHs are well documented. US
(with Doppler imaging), contrast-enhanced US, computed tomog-
raphy (CT), and magnetic resonance imaging (MRI) provide differ-
ent advantages in the detection and characterization of hepatic
lesions in the pediatric population.57,61,71 Clinically, US is normally

sufficient to make a confident diagnosis. US does not use radiation
and is easily portable and available. The classic US appearance of
IHH lesions is well-defined hypo- or hyper-echoic masses, mul-
tifocal or diffuse. Usually, IHH lesions do not present with cen-
tral sparing, thrombosis, or necrosis. On contrast-enhanced US,
IHH lesions showed hyperenhancement in the arterial phase.72

On MRI, IHH lesions are homogenously enhanced and are hy-
pointense relative to the liver on T1-weighted images and hyperin-
tense on T2-weighted images.73 The diagnosis of IHH can usually
be made on typical imaging findings. Therefore, a biopsy of these
lesions should be avoided if possible. However, for patients with
atypical imaging and clinical findings, biopsy may be indicated.
Appropriate clinical and radiographic examinations are crucial
for diagnosis, delivery, and accurate treatment planning.

Differential diagnosis
The differential diagnosis of HHs includes hepatoblastoma,
metastatic neuroblastoma, and focal nodular hyperplasia.74,75

Physiological serum levels of alpha-fetoprotein (AFP) are very high
at birth. Subsequently, the serum levels of AFP taper exponentially
to nearly normal adult levels by 8–9 months of age.76 AFP is an
important serum biomarker for certain tumors (e.g. hepatoblas-
toma and teratoma) in children. Although patients with IHH and
cutaneous IH have been reported with elevated serum levels of
AFP, the serum levels of AFP are never as high as those in patients
with hepatoblastoma.56,77 The serum levels of AFP should be as-
sessed at diagnosis and thereafter during follow-up. Significantly
high or rising serum levels of AFP should raise concerns about
hepatoblastoma or malignancy change.

It is also vital to differentiate IHH from other less common ma-
lignant tumors of childhood, such as metastatic neuroblastoma,
especially when there is a history of cutaneous IH.74,78,79 Both
metastatic neuroblastoma and IHH can present with severe ab-
dominal distension, hepatomegaly, respiratory distress, and high
output heart failure. Even on MRI, both metastatic neuroblastoma
and IHH have similar appearances, with T1-weighted hypointen-
sity and T2-weighted hyperintensity. However, metastatic neurob-
lastoma is characterized by rapid filling and excretion, which are
clearly different from the rapid filling and slow excretion of IHH.
On contrast-enhanced US, IHH did not have marked washout or
portal venous phase washout, both of which are characteristic of
hepatic metastases. Therefore, contrast-enhanced US can be used
to preliminarily exclude metastasis in infants with multiple hep-
atic lesions. In addition, the levels of 24-h urinary vanillylman-
delic acid and homovanillic acid are elevated in metastatic neu-
roblastoma.57

Screening
Previous studies reported that there was an association between
IHH and multiple cutaneous IHs.27,80 There was a tight relation
between the number of IHH and the number of cutaneous IHs.29

In contrast to IHH, CHH has been shown to be not associated with
cutaneous IHs. How many cutaneous IHs are the best screening
threshold for IHH? Screening advice has changed over the past
two decades. Screening for IHH in infants with 5 or more cuta-
neous IHs has been advocated by the clinical practice guidelines of
the American Academy of Pediatrics.81,82 Screening cut-off points
were set at 5–10 for the number of cutaneous IHs.27,28,64,83 How-
ever, these studies were weakened by not excluding CHHs. Most
recently, a large multicenter prospective study including 1656 pa-
tients revealed that cases with <5 cutaneous IHs should not be
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ignored: abdominal ultrasonography should be considered for
cases younger than 9 months of age who have 5 or more cuta-
neous IHs.29

It is noteworthy that IHH is not detectable at birth. Therefore,
early neonatal US screening may miss IHH lesions, which may
proliferate late in the first weeks of life. If US screening was per-
formed before 1 month of age and the result was negative, the
next US should be carried out at 2 months of age.29 Symptoms,
such as hepatomegaly, may also suggest the presence of IHH in
patients with or without multiple cutaneous IHs. Screening ultra-
sonographic examinations may allow for closer surveillance and
earlier treatment to avoid life-threatening progression.64 However,
a retrospective study suggested that routine US screening did not
alter the clinical management and outcomes, although this study
was weakened by having a small sample size.63

Management
It is now clear that the majority of multifocal IHHs can sponta-
neously involute, and therefore, these patients can be managed
expectantly. Nevertheless, a subset of patients with multifocal
IHHs have associated arteriovenous shunting and hypothyroidism
that can cause high-output cardiac failure. The initiation of treat-
ment for IHH should be based on an assessment of the patient’s
clinical, radiologic, and laboratory results. Because IHHs are bio-
logically similar to cutaneous IHs, the involution of IHHs can be
hastened by pharmacologic agents, such as corticosteroids and
propranolol. In fact, medical therapies should be attempted ini-
tially in patients with IHH when treatment is indicated because
pharmacologic agents have the advantages of lower cost, univer-
sal availability, ease of administration, and less invasiveness than
embolization. Clinically, diffuse lesions exhibit a high risk for mor-
tality due to serious complications.7 Consequently, active treat-
ments should be immediately undertaken once the diagnosis of
diffuse IHH is made. In severe cases, multimodality therapy or
combination therapy should be considered as a part of the treat-
ment regimen.54,84,85

Medical therapy
Previously, prednisone or prednisolone was the first-line medical
therapy for multifocal and diffuse IHHs requiring systemic ther-
apy. However, prednisone and prednisolone have undesired side
effects. In addition, the possibility of treatment failure and corti-
costeroid resistance is also remarkable. Approximately 25%–33%
of IHH patients do not show any response to corticosteroid ther-
apy.2,23 Vincristine, interferon-α cyclophosphamide, and sirolimus
have also been used to treat IHH.9,10,54,84 Nevertheless, the stan-
dard protocols for IHH are inadequate because responses to
these pharmacotherapies are individually different and unpre-
dictable.86 For patients with severe IHH (e.g. IHH associated with
CHF and ACS), aggressive pharmacologic therapy, including a
combination of corticosteroid plus propranolol or corticosteroid
plus vincristine, is indicated.15

In the 14 years since 2008, when Leaute-Labreze and colleagues
first reported that propranolol is effective in the management of
problematic IHs,87 many studies on oral propranolol for IHHs have
been published.9,11,13,22,65,88–92 However, no prospective study was
found to support the efficacy of propranolol in the treatment of
IHHs. In addition, due to the tremendous heterogeneity of IHHs, no
validated scores are available to assess disease severity. Nonethe-
less, propranolol has become the preferred treatment for most
clinicians who treat complicated IHHs. Previously, a smaller retro-

spective study demonstrated that oral propranolol was effective
in both ceasing and decreasing proliferation of multifocal IHH and
prompting more rapid involution of the lesions, an amazing find-
ing not typically found in corticosteroid therapy.23 In cases with
corticosteroid resistance, propranolol, but not interferon or vin-
cristine, rapidly improved hematologic disorders (e.g. thrombocy-
topenia and coagulopathy).10 In a recent study by Macdonald et
al., the authors revealed that propranolol was more effective than
prednisolone in the treatment of HHs (both CHH and IHH).93 Re-
markably, they found that the number of patients requiring sur-
gical treatment dramatically decreased in the period of oral pro-
pranolol. However, information regarding differences in treatment
responses among HH subtypes is lacking. The involution of CHHs
is unlikely to be hastened by pharmacologic agents such as pred-
nisolone and propranolol.18 In addition, no information is avail-
able for atenolol and nadolol in the treatment of IHH, although
they have been shown to be potentially safer (atenolol) or faster
(nadolol) than propranolol.94,95

Surgical intervention
Surgical interventions (e.g. hepatic artery ligation, embolization,
and liver transplantation) were considered urgently as alterna-
tive treatments for patients in whom maximal tolerated phar-
macotherapy failed to achieve satisfactory clinical responses.96,97

Currently, there is a scarcity of studies confirming the long-term
beneficial effects of surgical intervention in IHH. On the basis
of previous retrospective studies, embolization has been demon-
strated to be an effective management of IHH, including in phar-
macological treatment-resistant IHH. Embolization may also be
effective when there is no time to allow for clinical improve-
ment by pharmacological treatment.5 Although not curative, the
rapid resolution of symptoms is a strong reason for adjunct em-
bolization in patients with severe IHH.8 Remarkably, embolization
has the potential to rapidly resolve CHF by excluding abnormal
macrovascular shunting, especially in patients with CHH. How-
ever, embolization seemed to be less effective in pharmacolog-
ical treatment-resistant cases with coagulation.5,10 There is no
need for embolization in patients without macrovascular shunt-
ing (arteriovenous, arterioportal, or portovenous shunting) and a
high-output state.

Most cases of IHH can be controlled with pharmacothera-
pies such as propranolol or by hepatic artery embolization. Liver
transplantation is rarely necessary even in diffuse IHH. How-
ever, as mentioned above, uncontrolled IHHs (particularly diffuse
subtypes) can lead to respiratory insufficiency and progressive
heart failure with other concomitant symptoms of thrombocy-
topenia and coagulopathy. Therefore, in patients when pharma-
cotherapies and embolization are not effective or surgical inter-
ventions cannot be performed, total hepatectomy can be consid-
ered as soon as possible and performed followed by liver trans-
plantation.97 However, neonatal IHH with early rapid decompen-
sation may have a very complicated transplantation procedure,
which may lead to a high mortality rate.25,98 Therefore, liver trans-
plantation should be recommended only as the last rescue ther-
apy after all other therapies have failed.

Conclusions and future directions
Although the incidence of IHHs is not high, they are important
causes of morbidity and mortality in infancy. Prompt diagnosis,
appropriate management, and careful follow-up are critical to
improve the long-term outcomes of IHHs. The treatment of IHH
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continues to evolve and pediatric clinicians also have multiple
treatment options. However, there are insufficient findings sup-
porting the questions with respect to the demographic features,
risk factors, etiology, clinical manifestations, associated compli-
cations, and treatment algorithms of IHH. Future epidemiological
studies are required to better understand the natural course of
IHHs. Intense research efforts are also needed to clarify the eti-
ology of IHH and to develop clinical strategies to prevent seri-
ous complications. The recognition of molecular features and un-
derstanding the mechanism or mechanisms of IHH progression
may promote the identification of new predictive and prognostic
markers, as well as useful therapeutic targets for the management
of this disease. This review also reinforces the idea that to prevent
mortality and morbidity in severe cases, standard classifications,
standard definitions, standard stratification criteria, standard use
of treatments, and standard follow-up criteria of IHH need to be
developed.
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