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Abstract

Purpose To assess the efficacy of transcatheter arterial embolization (TAE) plus propranolol treatment for infantile hepatic
hemangioma (IHH).

Methods A retrospective study of symptomatic IHH and hemodynamic changes in IHH was conducted between 2016 and
2019.

Results There were five boys and seven girls with diffuse lesions (n=7) and multifocal lesions (n=15). Hepatomegaly and
abdominal distension (n=6) were the predominant clinical presentations. Seven patients (58.3%) had multiple cutaneous
hemangiomas. Pulmonary arterial hypertension, heart failure (n =4), and hypothyroidism (n =4) were observed. A total of
17 TAE procedures were performed in 12 THH cases, with a technical success rate of 100%. All patients received standard
propranolol orally, and one patient was orally administered metacortandracin. Two patients died of heart failure and multiple
organ dysfunction caused by an enlarged liver. In addition, one patient was not reexamined after discharge. Of the remain-
ing nine children, the average follow-up time was 10.78 months (range 2-28 months), and they all responded well to TAE
combined with oral propranolol.

Conclusion TAE combined with propranolol is safe and effective for the treatment of IHH, demonstrating low complication

rates.

Keywords Propranolol - Infantile hepatic hemangioma - Embolization - Prognosis

Introduction

Infantile hepatic hemangioma (IHH) is the most common
benign vascular tumor of the liver in neonates. It has been
used to describe a variety of hepatic vascular anomalies
or hypervascular tumors, such as venous malformations,
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hereditary hemorrhagic telangiectasia, hepatic arteriovenous
malformations, hepatic adenomas, and portal vein aneu-
rysms [1]. IHHs are different from vascular lesions in the
liver in adults and are rare angiogenic tumors with a variety
of clinical presentations ranging from spontaneous regres-
sion to life-threatening complications [2]. The true incidence
of IHH remains undetermined, as many small lesions are
asymptomatic and unidentifiable [3]. Approximately 90%
of IHH cases are diagnosed within the age of 6 months, and
30% are detected 3 months prior [4].

Most cases of IHH may present as asymptomatic and
are only occasionally detected on abdominal ultrasound or
present as hepatomegaly or abdominal distention. Although
IHH is benign, it can result in life-threatening complications
[5]. The presence of an arteriovenous shunt within an THH
lesion may lead to life-threatening congestive heart failure
in 50-60% of patients [1]. The mortality rate is estimated
at 11-18% because of acute congestive heart failure and
abdominal compartment syndrome, which are severe com-
plications of IHH [6].
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Observations are used for most asymptomatic in multi-
focal IHH [3]. Propranolol has replaced corticosteroids as
the current pharmacotherapy gold standard for the treatment
of IHHs [7-9]. However, first-line pharmacotherapy with
propranolol has reduced, but not abolished, the need for
surgical intervention [10]. Diffuse lesions invariably have
a significant effect on systematic hemodynamics [10], and
most untreated diffuse and multifocal IHH cases progress to
high-output congestive heart failure [11, 12]. Transcatheter
arterial embolization (TAE), a method of reducing shunts
and counteracting cardiac failure, can theoretically be used
as an effective complementary therapy to propranolol in the
treatment of severe IHH. In this report, we retrospectively
reviewed the outcomes of TAE and oral administration of
propranolol for IHH, which could be useful for improv-
ing the management of IHH and patient outcomes. All the
patients agreed to publish their case details and images.

Materials and methods
Patients

Sixty-eight patients with known multifocal and diffuse
subtypes of symptomatic IHH were enrolled from October
2016 to December 2019 at our hospital. Hemangioma was
diagnosed based on clinical presentations and preopera-
tive ultrasound, spiral computed tomography, or magnetic
resonance imaging. Of these, 56 patients with mild symp-
toms were treated with oral propranolol alone. A total of 12
patients diagnosed with IHH were included in our study. All
of them had clinical symptoms or lesions that were more
than half the size of the liver on imaging, with manifesta-
tions of hemodynamic changes such as accelerated blood
flow and pulmonary hypertension (Fig. 1). Once they have
common comorbidities, such as infection, they are more
likely to develop serious complications, such as respiratory
failure and heart failure. Therefore, the patient was treated
with interventional embolization in combination with oral
propranolol. This retrospective study was approved by the
Ethics Committee of the Children’s Hospital affiliated with
Shandong University.

Detection of patient complications

All patients underwent echocardiography to assess arte-
riovenous shunting, ventricular overload, and pulmonary
hypertension. Consumption coagulopathy was evaluated
using platelet levels and coagulation, including fibrino-
gen, D-dimer, activated partial thromboplastin time, and
prothrombin time. The presence of hypothyroidism was
assessed based on free triiodothyronine, free thyroxine, and
thyroid-stimulating hormone levels.
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Fig.1 Computed tomography scan of the abdomen showed an
enlarged, irregularly shaped liver with multiple low density intrahe-
patic masses which present as enhance centripetally and the portal
vein shows insufficient fullness

Treatment protocol

TAE is indicated only after examination of patients with
IHH. The pingyangmycin-lipiodol emulsion (PLE) used in
the protocol included pingyangmycin (8—12 mg/m?) and
lipiodol (20-33%, v/v), and the total amount of emulsion
was 6—12 ml. It was performed by interventional radiolo-
gists under general anesthesia for all TAE. The femoral
artery was punctured using the Seldinger technique, and
75-100 IU/kg heparin was administered to avoid thrombo-
sis. The celiac artery was catheterized using a 4-F Cobra
guide catheter (Terumo, Tokyo, Japan) under X-ray guid-
ance. We obtained the location, number, size, staining
characteristics, and blood supply of the IHH using arterio-
grams (Fig. 2). A 2.6-F microcatheter was selectively cath-
eterized into the feeding artery under fluoroscopy, and an
angiogram of the tumor was obtained. We then infused the
PLE directly through the microcatheter until the periphery
of the hemangioma was completely surrounded, and sub-
sequently performed polyvinyl alcohol (PVA 300-500 um)
embolization of the feeding artery. Selective celiac arteri-
ography performed once again is necessary to determine
the degree of embolism of the supplying arteries. When
there is an obvious arteriovenous shunt, gelatin sponge
particles or spring coils should be used for embolization
before the PLE injection.

Unlike liver malignancies, TAE for IHH provides
more rapid resolution of potentially life-threatening arte-
riovenous shunt conditions. Therefore, elimination of the
visible arteriovenous shunt is sufficient and complete IHH
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Fig.2 Angiography prior to embolization in 1st TAE showed multi-
ple nodular tumors intrahepatic massive, appearing as the “tree bear-
ing fruit” sign

devascularization is not recommended to avoid unneces-
sary complications. In our study, complete or partial reso-
lution of the arteriovenous shunt, with > 75% IHH devas-
cularization on the completion angiogram, defined TAE
treatment as successful.

Oral propranolol at 2 mg/kg/day for three doses, which
was changed to two times after 2 weeks, was started in all
patients. In patients with heart failure, propranolol was
started at a dose of 1 mg/kg/day plus oral metacortandra-
cin at 3.0 of 5 mg/kg every other day. We have a similar
patient who experienced cardiac arrest after 2 mg/kg/day
of propranolol orally. If the clinical situation was stable, we
gradually increased the propranolol dose to 2 mg/kg/day and
discontinued oral metacortandracin therapy.

Clinical evaluation

Detailed clinical examinations including liver function,
thyroid function, and echocardiography were performed
to assess the patient's condition. Ultrasonography is rou-
tinely performed to assess the regression of hemangioma.
Computer tomography (CT) or magnetic resonance imaging
(MRI) was performed every 3—6 months to observe changes
in tumor size. In patients whose lesions disappeared, treat-
ment was discontinued. Otherwise, treatment was ended
after 1.5 years of duration in all patients.

Efficacy evaluation criteria for IHH are divided into the
following categories [13, 14]: 1. Complete response, defined

as the complete disappearance of either the lesion and/or
symptoms; 2. partial response (PR), defined as a reduction
of >20% in lesion size and improvement in symptoms and
disappearance of imaging signs of hemodynamic distur-
bance; 3. progressive disease, defined as an enlargement
of >20% in the size of the lesion or appearance of new
lesions, 4. stable disease was defined based on none of the
above criteria.

We recorded data including age, sex, clinical presenta-
tions, laboratory examination, imageological examination
(ultrasound, spiral CT, or MRI), treatment, and prognosis.

Results
Patient characteristics

This study retrospectively reviewed 12 patients with THH
(7 patients (58.3%) were female and 5 (41.7%) were male).
The median age of the patients was 4.01 months (range
0.63-8.77 months) and the average weight of patients was
5.85 kg (range 3.0-10.0 kg). The important clinical features
are listed in Table 1.

Of the 12 infants, 7 had diffuse lesions with multiple
lesions with almost complete parenchymal replacement,
and another 5 had multifocal lesions with intervening seg-
ments of normal parenchyma. Seven cases (58.3%) were
accompanied by multiple cutaneous hemangiomas, and as
many as eight lesions were found in Case #5. Six patients
demonstrated symptoms of hepatomegaly or abdominal
distension. Three of the children had no obvious clinical
symptoms and were detected during physical ultrasound
examination because of cutaneous hemangiomas. In addi-
tion, two children presented with respiratory distress and one
patient presented with vomiting. Four patients had pulmo-
nary arterial hypertension and heart failure (HF). There were
four cases of hypothyroidism and no patients with abdominal
compartment syndrome.

Treatment outcome

A total of 17 TAE procedures were performed in 12 IHH
cases, with a technical success rate of 100%. Gelatin sponge
particle (350-560 um) embolization of the feeding artery
was performed in one case because the blood supply to the
artery was faster. In the other case, which presented with a
very severe arteriovenous shunt, as shown by angiography,
the artery was embolized with a spring coil. All patients
received standard propranolol orally and one case had pro-
pranolol treatment combined with oral metacortandracin. No
serious therapy-related complications were observed.

Two patients died of HF and multiple organ dysfunction
caused by an enlarged liver. In addition, one patient was
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not reexamined after discharge. For the remaining nine chil-
dren, the average follow-up time was 10.78 months (range
2-28 months). Six children presented with complete remis-
sion of lesions and three cases presented with PR whose
imaging signs of hemodynamic disturbance disappeared.
There was sparse vascular density in the lesions of the two
cases on Doppler ultrasonography, and we treated them
clinically as a cure and stopped the follow-up propranolol
orally. The mortality rate for diffuse lesions was 33.3% (2/6),
which was higher than that for multifocal lesions (0%, 0/5).
However, the mortality rate in IHH with pulmonary arte-
rial hypertension and HF is as high as 66.7% (2/3). In addi-
tion, the physical examination results of the remaining
nine cases were normal in all children, and hypothyroidism
returned to normal.

Discussion

IHH is the most common benign tumor of the liver in
infancy, with three variants identified on the basis of imag-
ing characteristics: focal, multifocal, and diffuse [14].
However, focal lesions are not true IHHs because they
test negative for glucose transporter 1 (GLUT-1), but are
analogous to a rapidly involuting congenital hemangioma
lesion [14]. Unlike focal lesions, the multifocal and diffuse
subtypes test positive for GLUT-1 and resemble true IHH
cases [14]. The natural history of IHHs and their cutaneous
counterparts is characterized by a period of rapid postnatal
proliferation followed by a plateau and eventual spontaneous
involution [10]. Many infants with hepatic hemangiomas
also have multiple cutaneous hemangiomas. In our study,
58.3% of IHH cases exhibited this phenomenon. A recent
prospective study suggested that abdominal ultrasonography
is recommended for children younger than 9 months of age
who present with five or more cutaneous IHHs [15].
Although asymptomatic lesions spontaneously regress,
symptomatic lesions require aggressive treatment because
they pose potential risk of death [16]. Multifocal IHH is usu-
ally asymptomatic and demonstrates arteriovenous shunts on
angiography, and high-output cardiac failure can be seen in
some patients [17]. Furthermore, excessive arteriovenous
shunts resulted in severe pulmonary congestion, which
marked the interstitial fluid increase and raised the alveolar
and airway mucosa edema, which was subjected to second-
ary infection, making patients vulnerable to severe pneumo-
nia [18]. In addition, diffuse lesions may cause hepatomeg-
aly, which compresses the inferior vena cava, diaphragm,
and surrounding tissues, and can result in abdominal com-
partment syndrome [17]. IHH can cause hypothyroidism due
to the overproduction of iodothyronine deiodinase type 3
[19], an enzyme that deiodinates thyroxin and converts it
into the biologically inactive form, triiodothyronine [16]. If

left untreated, hypothyroidism can lead to ineffective myo-
cardial contractility and HF in the early stages, and may
potentially to mental retardation and developmental delays
later on in life [17]. The 12 cases in this study had a variety
of clinical manifestations. Hepatomegaly and abdominal
distension (n=6) were the predominant clinical presenta-
tions. Of the four cases with pulmonary arterial hyperten-
sion and HF, two patients had severe pulmonary congestion.
Finally, two patients died of four I[HHs with pulmonary arte-
rial hypertension and HF. Hypothyroidism (n=4) was also
observed among a few cases.

Most multifocal and diffuse HHs can be managed satis-
factorily by propranolol orally [10, 20]. Varrasso et al. [7]
found that IHH showed a slight reduction in size at the 6th
week, a significant regression at 12 months, and a complete
regression at 24 months of treatment with oral proprano-
lol at 2 mg/kg/day. Tasseh et al. [21] reported that the IHH
tumor was reduced by 20% after oral propranolol at 2 mg/
kg/day for 1 month and 48% for 8.5 months, and there were
no propranolol-related complications during the entire dura-
tion of treatment. Since propranolol was introduced to treat
IHHs in 2008, the rate of surgical intervention has decreased
by nearly 90% [14]. Some patients who present with a sig-
nificant hemodynamic shunt and severe hypothyroidism
should initially receive propranolol orally [3]. Propranolol
is regarded as therapeutic and not contraindicated in patients
with HF [17]. However, in our study, Case #2 developed
cardiac arrest after the oral administration of propranolol.
Nine post-TAE patients achieved an encouraging prognosis
except for the other patients who died because of severe
IHH complications. No significant adverse effects related
to propranolol were observed, regardless of whether it was
combined with IHH complications.

In addition to propranolol, Faik et al. [17] administered
a single 7-day course of prednisolone to all patients with
IHH. They suggested that steroids may increase the activ-
ity of propranolol. The combination of oral steroids and
propranolol can rapidly improve clinical symptoms and
prevent complications associated with systemic arterio-
venous shunting [11]. Ozdemir et al. [16] reported that their
patients responded to combined therapy with steroids and
propranolol, and considered it useful in patients with severe
symptoms. Aly et al. [22] also reported the superiority of
propranolol in combination with prednisolone treatment.
Propranolol and prednisone were also administered orally
to patient #4 in this study; however, the child died due to the
severity of the condition.

Multimodal therapy is necessary to achieve satisfactory
symptom control in selected cases [10]. Thus, therapy for
severe IHH aims at remission of the primary tumor and
rapid resolution of life-threatening systemic hemodynam-
ics. Selective hepatic artery ligation to stabilize infants
by reducing arteriovenous shunting was first reported in
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1967, and provided time for tumor regression [23]. It has
become a promising treatment method for symptomatic
hepatic hemangiomas because of the minimally invasive
nature of interventional radiology [24]. Warmann et al. [25]
performed TAE to block the blood-supplying artery using
spring coils for four IHH infants with symptomatic hepatic
hemangioendothelioma, and three of them showed signifi-
cant improvement after TAE for focal lesions at 54 months.
IHH treated with TAE has a low incidence of complica-
tions, especially in infants with lesions involving two liver
lobes and those in relatively poor condition. Superselec-
tive angiography can clearly and accurately show an IHH
and the culprit vessel of the tumor [24]. It does not lead to
hepatic necrosis because of adequate hepatic oxygenation,
and perfusion is maintained via portal venous flow [10].
Pingyangmycin can induce apoptosis of endothelial cells in
the splenic sinus through the caspase-3 activation pathway,
resulting in endothelial cell necrosis and fibroblast prolifera-
tion [26]. Lipiodol has been widely used in medical practice
for emulsification and embolization of tumor microcircula-
tion [27]. Moreover, staged procedures are prudent in mini-
mizing the risk of hepatic necrosis and death [28]. In this
study, all 12 children were treated with TAE, and 5 of them
were treated with TAE twice. For two children with signifi-
cant arteriovenous shunt, the block was first performed with
spring-coil or gelatin sponge particles, and then effective
embolization was performed by PLE and PVA during the
1st TAE. Encouragingly, the clinical condition was relieved
in all the children, and no significant complications of TAE
were observed.

Because IHH is a common infantile hemangioma, it tends
to occur in younger infants. Small adults cannot be consid-
ered, and the differences are greater among younger children
and adults. Infants and young children with critical illnesses
may die suddenly due to mild symptoms. Attention should
be paid to the following aspects of the TAE: 1. Infants have
immature kidney function, and are prone to fluid and elec-
trolyte disorders. The amount of contrast agent needed to
be controlled during surgery, and renal function should be
protected after surgery. 2. The femoral arteries are thinner
in pediatric patients than in adults, and physicians should
be proficient in puncture techniques. 3. The blood vessels of
infants are prone to spasm, which brings certain difficulties
to embolization, and the operation must be gentle. 4. Finally,
it is important to maintain the child's body temperature dur-
ing surgery.

Notably, IHH-induced hypothyroidism is resistant to nor-
mal doses of L-thyroxine and may require high doses within
the range of 2270 pg/kg/day [28]. Unfortunately, we do not
have specific data on the dose of L-thyroxine because these
children were regulated in the Department of Endocrinol-
ogy, which is also a shortcoming of this article. However, it
is important to note that they all ended up being cured. Our

@ Springer

study was limited by its small retrospective design. Nota-
bly, the clinical value of additional TAE remains unknown
and must be weighed against the potential risk of intra-
arterial embolization in infants. At this point, TAE cannot
be routinely recommended for IHH treatment; however, if
embolization is performed for IHH with high arteriovenous
shunting, patients should be managed with systemic therapy
immediately after achieving a good prognosis.

Conclusions

Through the retrospective study which patients with IHH
undergoing TAE and propranolol orally at our hospital in
China, we describe a minimally invasive procedure with
promising results for the treatment of IHH with a very low
complication rate. Successful treatment with TAE and oral
propranolol appears promising and deserves further atten-
tion among physicians.
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