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Abstract

Cardiac tumours are extremely rare in children. Although more than 90% are benign, children
can develop obstructive or embolisation derived symptoms, arrhythmias, constitutional symp-
toms, cardiac tamponade, or even sudden death. Although the majority are asymptomatic, and
some spontaneously regress, appropriate follow-up is needed on a case-by-case basis, as patients
may develop late symptoms. Definitive diagnosis is only possible through histological analysis;
however, it is possible to infer tumour type with a high grade of certainty based on imaging
features, particularly cardiac magnetic resonance. Surgical resection is advocated for those caus-
ing symptoms, obstruction, cardiac dysfunction, and high risk of embolisation. The aim of this
review is to present the state of the art related to cardiac tumours in the paediatric population, in
the context of our own experience.

The reported incidence of cardiac tumours is 0.027-0.08% in paediatric autopsies' and 0.08-
0.2% in the foetuses.” The growing incidence reported over the last decades reflects, most likely,
improvements in imaging diagnostic methods.”> More than 90% are benign, and rhabdomyo-
mas, fibromas, and teratomas are responsible for the majority of this age group.* Malignant
tumours are even rarer, and metastases are 100-fold more common than primary lesions.”
Tumours can be found in myocardium with extending to cardiac chambers, or within the peri-
cardial sac with or without invasion of the great vessels. The clinical presentation is varied, rang-
ing from asymptomatic and accidental imaging diagnosis to sudden death. Symptoms may be
constitutional, due to distal embolisation or due to its direct effect.® The latter can be due to
obstruction of the cardiac valves or outflow tracts, invasion of the conduction system with
arrhythmias, and cardiac tamponade. The definitive diagnosis is only possible following histo-
logical analysis. In the exceptional cases of strongly suspected malignancy, an elective biopsy can
be done. However, in the majority of patients the differential diagnosis relies on both echocar-
diography and cardiac MRI aspects. Treatment is advocated in those who have symptoms, car-
diac dysfunction, or in those at greater risk of distal embolisation.” Total surgical resection is the
treatment choice, not always possible in large or invasive tumours, due to the risk of structurally
damaging the heart. In these cases, partial resection is advocated to control the symptoms and
preserve the cardiac function.® Cardiac transplant is reserved for unresectable tumours or multi-
ple recurrences.’

We present our single-centre experience in cardiac tumours in paediatric age, as well as a
literature review. A summary of the main characteristics of the cardiac tumours and diagnosis
features is presented in Table 1.

As a referral centre for CHDs and paediatric cardiology, we are one of four centres in Portugal
that manage and follow children with cardiac tumours. We reviewed the patients with cardiac
tumours in the last 16 years, from January 2005 to December 2020 (Table 2). In 16 years, our
centre followed 17 born patients, 11 with rhabdomyomas, 3 with fibromas, 2 with myxomas, and
a pericardial teratoma. Rhabdomyomas were the most common tumours and 45% presented in
the context of tuberous sclerosis, a relatively low incidence compared to that described in the
literature.'®'! One patient with cardiac rhabdomyoma developed symptomatic frequent prema-
ture ventricular contractions. Among the three fibroma cases, two were surgical resected, one
obstructing the left ventricle outflow tract presenting with syncope and low exercise tolerance,
and the other causing significant mitral valve impairment. The patient with a rare left ventricle
myxoma was submitted to surgical resection due to embolic risk. Finally, a 14-year-old boy was
diagnosed with a pericardial teratoma causing right atrial compression and was diagnosed in the
context of acute pericarditis with significant pericardial effusion. After the tumour resection, the
patient developed two further episodes of acute pericarditis. We have no cardiac tumour-related
deaths to report. With the exception of the four resected tumours, in which a biopsy of the sur-
gical piece was performed, in the others the diagnosis was assumed based on the sum of imaging
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Table 1. Characteristics of paediatric cardiac tumours.

D. Faim et al.

Tumour Relative frequency  Location Imaging features Others associations
Rhabdomyoma 40-60% IVS, LV, RV TTE: hyperechogenic, homogeneous. Often multiple
CMR: iso to hyperintense on T1, hyperintense on T2, Association with tuberous
enhances less than the myocardium sclerosis
Frequently regress
spontaneously
Possible response with
mTOR inhibitors
Fibroma 30-50% IVS, LV, RV TTE: hyperechogenic, homogeneous. Solitary large mass
CT: central calcification Sporadic
CMR: hypointense on T1 and T2; Delayed Possible association with
enhancement Gorlin syndrome
Do not regress
spontaneously
Teratoma 10-16% Pericardium TTE: hyperechogenic, heterogeneous. Slightly female
Foetal 25% CMR: iso to hypointense on T1, hyperintense on T2, predominance
do not enhance Do not naturally regress
Myxoma 10% LA, RA TTE: heterogeneous, small lucencies or calcifications. Sporadic
CMR: hypointense on T1, hyperintense on T2, Possible association with
heterogeneous enhancement, foci of fibrosis, or Carney Complex
haemorrhage Do not regress
spontaneously
Susceptible to
embolisation
Haemangioma 5% Any chamber TTE: hyperechogenic, heterogeneous Spontaneous regression is
RA (neonates) CMR: isointense on T1, hyperintense in T2, avid possible
enhancement Possible response with
oral steroids
Histiocytoid Rare Any chamber - Female predominance,

cardiomyopathy

LV, RV (more)

under 2 years old
Arrhythmias

Inflammatory Rare RV, RA TTE: heterogeneous Female predominance
myofibroblastic valves CMR: isointense on T1, hypointense on T2, intense Mean age 10 years old
tumour delayed enhancement Possible response with

oral steroids

Papillary Rare Valves TTE: hyperechogenic, homogeneous, mobile Susceptible to
fibroelastoma CMR: isointense on T1 and T2, not enhance embolisation

Lipoma Very rare IAS, epicardium ETT: variable -

CMR: hyperintense on T1 and T2
Fully supress with fat saturation. Do not enhance
Sarcoma < 8% RV, RA CMR: Variable with sarcoma type, infiltrations Poor prognosis
Lymphoma Very rare RA TTE: heterogeneous Diffuse large B-cell
CMR: iso to hypointense on T1, isointense on T2. lymphoma
Heterogeneous Poor prognosis
enhancement
Metastatic Rare RA TTE: atrial mass Lymphoma, Wilms,

CMR: enhance with contrast

osteosarcoma
Poor prognosis

CMR = cardiac magnetic resonance; IAS = interventricular septum; IVS = interventricular septum; LA = left atrium; LV = left ventricle; mTOR = mammalian target of rapamycin; RA =right
atrium; RV = right ventricle; TTE = transthoracic echocardiography

characteristics, tumour location, capacity of spontaneous regres-

rather a non-neoplastic paediatric hamartomatous lesion.

12,13 It

sion, and clinical outcome. We suggest the algorithm illustrated
in Flow chart 1 for the diagnostic approach of cardiac tumours.

Rhabdomyomas are the most common primary heart tumours in
infants and children and represent 40-60% of paediatric heart
tumours.'? Some authors do not considered it a real tumour but
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has a close association with tuberous sclerosis, an autosomal dom-
inant disorder.!* It is estimated that 80% of patients with rhabdo-
myomas have tuberous sclerosis, while 50% of patients diagnosed
with tuberous sclerosis have cardiac hamartomas.”> However, it
can also occur sporadically or in association with CHDs.
Depending on the size and location, they can obstruct the ventricular
outflow tracts mimicking pathologies like tetralogy of Fallot or left
heart hypoplastic syndrome, depending on the site of obstruc-
tion.!®!7 Heart failure can develop not only in the setting of an
obstructive mass but also precipitated by an arrhythmia secondary
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Table 2. Cardiac tumours in our centre.
Tumour Age at diagnosis Location Presentation Syndrome CHD Treatment Death
Rhabdomyoma PND LV Asymptomatic None ASD None No
Rhabdomyoma 14 years LV Asymptomatic. Evaluation for TS TS No None No
Rhabdomyoma PND Lv Asymptomatic TS No None No
Rhabdomyoma 4 years RV Heart murmur None No None No
Rhabdomyoma 1 year LA Heart murmur None No None No
Rhabdomyoma PND IVS / RV Asymptomatic None No None No
Rhabdomyoma PND RV Asymptomatic TS No None No
Rhabdomyoma PND RV Asymptomatic None No None No
Rhabdomyoma 10 years RV Asymptomatic. Evaluation for TS TS No None No
Rhabdomyoma 8 years IVS Frequent PVC. Evaluation for TS TS No None No
Rhabdomyoma 1 month RA / RV Asymptomatic None No None No
Fibroma 4 years LV Syncope / Bad exercise tolerance None No Surgical resection No
Fibroma 2 months LV Incidental imaging diagnosis None No None No
Fibroma 3 months Lv Heart murmur None No Surgical resection No
Myxoma 14 years LV Asymptomatic None No Surgical resection No
Myxoma 2 days RA Heart murmur None No None No
Teratoma 14 years Pericardium Acute pericarditis / pericardial effusion None VSD Surgical resection No

ASD = atrial septal defect; CHD = congenital heart disease; IVS = interventricular septum; LA = left atrium; LV = left ventricle; PND = prenatal diagnosis; PVC = premature ventricular
contraction; RA = right atrium; RV = right ventricle; TS =tuberous sclerosis; VSD = ventricular septal defect

to conduction system invasion.'® In foetal life, atrioventricular
reentrant tachycardia is the most common and can precipitate foetal
hydrops."? In fact, even asymptomatic foetuses with rhabdomyomas
can present with conduction disorders, especially associated with
Wolft-Parkinson-White pattern, which implies that the tumours
can effectively form an accessory pathway.”’ A remarkable charac-
teristic of these tumours is their spontaneous regression over the first
years of life.2! This is due to their hormone dependency involving
the ubiquitin pathway, losing their mitotic potential after birth.?
They can present as either single or, often, multiple masses, with
a predilection for the interventricular septum and ventricular
cavities. They are hyperechogenic and homogeneous on echocardi-
ography (Fig 1), and cardiac magnetic resonance features include iso
to hyperintense signals on T1, hyperintense on T2-weighted images,
and enhance less than myocardium after contrast administration
(Fig 2).2? Definitive diagnosis is by histology which shows pathog-
nomonic spider cells with myofibrils radiating to the cell wall.’ An
expectant approach is recommended in asymptomatic cases.
Surgical resection is advocated only when there is vulvar impair-
ment, ventricular dysfunction, or refractory dysrhythmias.
Successful induced regression was reported with the use of mamma-
lian target of rapamycin inhibitors everolimus?*** and sirolimus.?>?¢
A phase II trial for the use of everolimus for rhabdomyomas regres-
sion in children with tuberous sclerosis is ongoing.””

Fibromas are the second most common cardiac tumours in infancy
and account for 30-50% of paediatric heart tumours.!’ The vast
majority occur sporadically but cardiac fibromas are present in
3-5% of patients with Gorlin’s syndrome.'* The tumour’s cells
derive from connective tissue fibroblasts and normally appear as
a giant single mass in the interventricular septum or both the left
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and right ventricular free walls.® Despite its benignity, they tend to
cause obstruction®® to blood flow and sudden death can be a form
of presentation.” Several patients have accidental diagnoses but
even these can present with symptoms later in life or electrocardio-
graphic abnormalities.’*> A large heterogeneous solid mass
observed echocardiographically (Fig 3) strongly suggests this
tumour type, but the most pathognomonic sign is the existence
of central calcification on CT.” The calcification occurs because
of lack of blood supply to the mass, hence related to ischaemic
changes. At cardiac magnetic resonance, in relation to the myocar-
dium, it appears as hypo to isointense on T1 and hypointense on
T2-weighted images (Fig 4). With contrast administration and
first-pass perfusion, a hypoperfused image is revealed, different
from the surrounding perfused myocardium.?? Histologically
fibromas are made up of unencapsulated masses of fusiform cells
that blend with or infiltrate the normal myocardium. Areas of cal-
cification, necrosis, and cystic degeneration are common.'*?
Fibromas do not spontaneously regress and, as a group, represent
the most resected cardiac tumour type in children.’ Total or partial
resection is advocated in symptomatic patients and in asympto-
matic with giant masses.>> Heart transplant may be needed in
the setting of severe heart failure.**

Teratomas are the third most common cardiac tumours in chil-
dren, accounting for 1-16% of cases, and have a slightly female pre-
dominance.®!2 However, in foetuses and neonates, it can represent
up to 25% of all cardiac tumours, being second to rhabdomyo-
mas.>” Although teratomas are essentially benign tumours, 15%
are malignant based on the amount of immature neuroepi-
thelium.*® They are extracardiac masses, within the pericardial cav-
ity, in close relationship with the great vessels or venous return
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Clinical History + Laboratory finding

[ ]

At least of these?
Symptoms

Valve impairment

Cardiac dysfunction Yes Surgical resection + Histological examination |
Outflow/inflow obstruction
Arrhythmias Malignant?
High risk of systemic embolization Yes

Yes

No

| Cardiac MRI (+++) / CT |

| Diagnosis established?

No

Consider abdominal, chest
and pelvic CT scan to

exclude metastasis

Yes | Signs of malignancy?

No

Consider histological examination
(biopsy or surgical ressection)

Monitor with TTE /

Cardiac MRI

Flow chart 1. Diagnostic approach to cardiac
tumours. CT = computerized tomography; MRI
= magnetic resonance imaging; TTE = trans-
thoracic echocardiogram

CT - computerized tomography; MRI - magnetic resonance imaging; TTE - transthoracic echocardiogram

Figure 1. Transthoracic echocardiogram - A) Subcostal, long-axis view. B) Subcostal, short-axis view. Large rhabdomyoma adherent to the triscuspid valve, prolapsing into both
the right atrium and right ventricle. LV - left ventricle; PA - pulmonary artery; RA - right atrium; RV - right ventricle.

(Fig 5), carrying the risk of pericardial effusions and tampo-
nade.*®* The main concerns are hydrops and stillbirth in the
foetus and respiratory distress, cyanosis, and congestive heart fail-
ure in the neonate.” There are rare cases of reported intracardiac
teratomas, most commonly related to the interventricular septum.
They may protrude into right ventricle, potentially causing
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obstruction or dysrhythmias.*’~*° Diagnosis is made in setting of
an heterogeneous mass at echocardiography, most likely in the
pericardial sac. At cardiac magnetic resonance, they show up as
iso or hypointense on T1, hyperintense on T2-weighted images,
being hypointense after the enhanced contrast phase.”?
Histologically teratomas are typically multicystic lesions composed
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Figure 2. Cardiac magnetic resonance - Sagittal view. Large rhabdomyoma in the
right ventricle. LV = left ventricle; PA = pulmonary artery; RV = right ventricle.

Figure 3. Transthoracic echocardiogram - Parasternal short-axis view. Giant fiboroma
in the left ventricle. LV = left ventricle; RV = right ventricle.

of a combination of the three germ layers, the endoderm, meso-
derm, and ectoderm. Surgical resection is the only treatment if
the patient is symptomatic and removal of the entire mass should
be attempted due to their high recurrence rate, only surpassed by
myxomas.!

Myxoma are, by far, the most common cardiac tumour in adults.”
However, in children they represent only 10% of all cardiac
tumours, mainly found during adolescence. Myxomas typically
arise from the region of the fossa ovalis and can be pedunculated
or have a broad attachment base. In 75%, they protrude to the left
atrial cavity and in 10-15% into the right atrial cavity.*!*40 Other
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locations are possible but occur less often,**? like our 14-year-old
boy presenting with a fast growing myxoma in the left ventricle
(Fig 6). Although 90% occur sporadically, the remainder is associ-
ated with Carney complex, an autosomal dominant inherited dis-
ease.'”” Myxomas fragments are prone to embolisation, and
constitutional symptoms are the main form of presentation in
adults. Although cerebral vascular events may be a form of presen-
tation during childhood in the context of left atrial myxomas,**
congestive heart failure due to valvular obstruction has been
reported to be the leading cause in children.** Another form of pre-
sentation is with a paraneoplastic syndrome, such as vasculitis,
usually carrying a poorer prognosis.*> At echocardiography, in
addition to their typical location, they are heterogeneous masses
with small lucencies or calcifications (Fig 6). At cardiac magnetic
resonance, they are hypointense on T1, hyperintense on
T2-weighted images, demonstrate heterogeneous contrast
enhancement, and may present foci of fibrosis or haemorrhage.*
Histologically, they are made up of eosinophilic cells dispersed or
agglomerated in a myxoid stroma that can undergo fibrosis or cal-
cification.!* Although there are reported cases of natural regres-
sion,*® surgical resection is indicated due to the associated risk
of cerebral embolisation or sudden cardiac death.>* Myxoma is
known to have the highest recurrence rate,! either related to its
incomplete resection or due to inherited conditions. Patients with
Carney complex can have several recurrences and cardiac trans-
plant may be the only option.? In sporadic myxomas, the survival
of patients submitted to complete surgical resection is not different
from that of an age and gender match population.*’

Cardiac haemangiomas are vascular benign tumours which affect
children and adults and represent around 5% of all cardiac
tumours in paediatric age groups.”!? They can originate in the peri-
cardial sac, any cardiac chamber, or valve. The endocardium is
more affected than the myocardium,*® and there seems to be a
predilection for the right atrium in neonates.” The clinical presen-
tation is varied, ranging from the asymptomatic patient to sudden
cardiac death.?>* There is also an increased risk of bleeding.
Echocardiographically, the tumour appears as a heterogeneous
mass and at cardiac magnetic resonance it is isointense on T1,
hyperintense on T2-weighted images, and show avid enhancement
following intravenous gadolinium injection.?? These image signals
may be no different from other vascular tumours, namely malig-
nant ones, thus requiring histological analysis for its differentia-
tion. The procedure may be potentially complicated because of
the bleeding propensity of the tumour. This analysis may differen-
tiate the tumours in cavernous, capillary, or arteriovenous types,
where multiple, dilated, thin-walled vessels are found in the cav-
ernous type and small capillary-like vessels in capillary type.*
Although spontaneous regression is possible, mainly in the neo-
nates,”? the natural course of cardiac haemangiomas is unpre-
dictable and surgical resection is advisable with excellent
prognosis and no recurrence.”> When resection is not feasible,
response to steroids has also been reported.”

Also known as oncocytic cardiomyopathy or Purkinje cell tumour,
this benign tumour is very rare and is exclusive to children, spe-
cially under the age of 2 years.!” It has a female predominance
(3:1) and presents with a multivariate of a difficult to control
and sometimes fatal arrhythmias, caused by multifocal
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Figure 4. Cardiac magnetic resonance. (a)
Coronal view; (b) axial view. Large fibroma in
the left ventricle. LV = left ventricle; RV =right
ventricle.

Figure 5. Angio computerised tomography. (a)
Coronal view; (b) axial view. Large teratoma in
the pericardial sac, compressing the superior
vena cava and the right atrium.

Figure 6. Transthoracic echocardiogram - Apical view. Pedunculated myxoma in left
ventricle. LA = left atrium; LV = left ventricle; RA = right atrium; RV = right ventricle.

https://doi.org/10.1017/51047951122000531 Published online by Cambridge University Press

D. Faim et al.

hamartomatous proliferation of cardiac cells with oncocytic fea-
tures. Ventricular fibrillation, ventricular tachycardia, and junc-
tional tachycardia are the main electrical disturbances.'
Cardiomegaly is inadvertently seen at autopsies and is caused by
the endocardial infiltration of multiple yellow-tan nodules, mainly
in the ventricular wall, but all cardiac layers may be affected,
including valvular tissue.®® Microscopically, these nodules are
composed of polygonal cells with a foamy to granular cytoplasm.
Typically, myocytes are filled with abnormal mitochondria that
replace the normal myofibrils, hence the term oncocytic.” The dis-
tinction between histiocytoid cardiomyopathy and mitochondrial
cardiomyopathy is that, in the former, only focal regions of the
heart are involved in the disease process but all myocytes show
the described pattern, while in the latter all myocytes are affected
but with different degrees of affection.” The treatment is based on
electrophysiological mapping, surgical or percutaneous ablation of
the arrhythmogenic foci, and surgical resection of the nodules. As a
last resource, transplantation may be necessary.>*

Inflammatory myofibroblastic tumours are benign lesions that
occur mainly in the lung, soft tissue, and viscera of children and
young adults, the heart being a rare site of its manifestation.'?
Inflammatory myofibroblastic tumours is more frequent in
females and usually manifest at the 10 years mean.>® Although this
endocardial tumour can develop in any chamber, there appears to
be a right-sided predominance, and the valves can also be affected.
Obstruction of coronary arteries due fragments embolisation is a
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possible complication, resulting in myocardial infarction.’® In
addition to myocardial infarction and tumour site derived symp-
toms, one-third of patients present with constitutional symptoms,
such as fever, weight loss, malaise, and unspecific viral respiratory
or gastrointestinal viral symptoms.”>” Echocardiographically,
inflammatory myofibroblastic tumours appear as a heterogeneous
mass arising from the endocardium. At cardiac magnetic reso-
nance, the mass appears as isointense on T1, hypointense on T2
weight images and demonstrates intense delayed contrast
enhancement.”? Blood analysis is also important, since an elevated
sedimentation rate, thrombocytosis, iron-deficiency anaemia, and
hypergammaglobulinemia are commonly present and contribute
to the diagnosis, even in the absence of constitutional symptoms.>®
Macroscopically, the appearance is either a solid yellow glistening
pedunculated mass or with a base broad attachment. Histological
analysis allows for the correct diagnosis, as the findings of spindled
myofibroblastic proliferation and chronic inflammatory infiltrate
are pathognomonic features.”® Surgical resection is advocated,
when feasible, otherwise there are reported cases of successful
regression with oral steroids.”® Although carrying a good prognosis
after resection, the tumour may recur, eventually leading to the
patient’s demise.*

Papillary fibroelastomas are the third most common benign cardiac
tumour in the adult population with the highest rate of valvular
involvement.®*%! Despite this incidence in adults, which has its high-
est cadence in the eighth decade of life, it is extremely rare in chil-
dren, with only a few cases reported.®'~%* Overall, the vast majority
occur in the left-sided valves, mainly in the aortic. However, in the
paediatric population, several have been reported in the tricuspid
valve. This tumour shows a great propensity to embolise, either
due to tumour fragments or thrombi formed around the mass, with
consequent stroke or pulmonary thromboembolism. It is thought
that the origin of papillary fibroelastoma may be secondary to endo-
thelial lesions in adults; however, the existence of congenital and
infantile presentations raise the possibility of an underlying hamar-
tomatous origin.%? Papillary fibroelastomas appears as a well-cir-
cumscribed  homogeneous mass at  echocardiography,
pedunculated in half the cases.®> At cardiac magnetic resonance,
it is isointense in relation to the myocardium on both T1- and
T2-weighted images, reflecting its fibroelastic composition, and
absence of low gadolinium enhancement, typical of an avascular
tumour.’® Macroscopically, the tumour resembles a sea anemone
when immersed in water. Histologically, it is composed of a central
core of connective tissue surrounded by a layer of acid mucopoly-
saccharide.®® Surgical resection, often requiring valvar replacement,
is the treatment of choice.** An expectant approach may be used to
asymptomatic patients with small (infracentimetric), left-sided,
non-pedunculated tumours, but the general consensus is to resect
these in early life, due to the high risk of embolisation.®®

Primary cardiac lipomas were thought to be exclusive of adults.’”
However, a few reported paediatric cases have been published.>%67:63
These tumours are encapsulated masses of adipose tissue, acciden-
tally diagnosed at autopsies or, rarely, with symptoms triggered by
arrhythmias, namely ventricular tachycardias.”*® They can develop
anywhere in the heart but are usually seen in the atrial septum and
epicardium growing into the pericardial space. Their appearance on
echocardiography is varied, so the most adequate exam is cardiac
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magnetic resonance, where they typically are hyperintense on both
T1- and T2-weighted images which fully supress with fat saturation.
There is no first pass or late contrast enhancement, coincident with
the avascular nature of the tumour.® Surgical resection is only
needed in symptomatic patients.

Malignant cardiac tumours account for 8% of cardiac tumours in the
paediatric population® and are mainly secondary. Although rare, sar-
comas represent 95% of primary tumours.” There are only a few
reported cases of cardiac sarcomas in children,'>7%72 the majority,
as in adults, are right-sided, although some involved the mitral valve.”’
There are several types of sarcomas; the most common in adults is the
angiosarcoma'® which has a male predominance. However, the most
common in children is the rhabdomyosarcoma which typically affects
the myocardium and the pericardium.”® Besides these two types,
undifferentiated sarcomas’®’! and one leiomyosarcoma’ have been
reported in children. These tumours are extremely aggressive, invad-
ing locally, obstructing the valves and the outflow tracts, causing peri-
cardial and pleural effusion, and invading the great vessels and veins.
At the time of the diagnosis, distant metastasis is a frequent finding.”®
At echocardiography, they often appear as broad-based masses.”!
Cardiac magnetic resonance images vary depending on tumour type.
The undifferentiated sarcoma is typically isointense in relation to the
myocardium; the rhabdomyosarcoma and fibrosarcoma are isoin-
tense or present with heterogeneous signal intensity; leiomyosarcoma
presents an intermediate signal intensity on T1 which increases on
T2-weighted images; angiosarcoma presents with a sun ray appear-
ance with linear contrast enhancement.”> Due to their aggressive
nature, these patients need adjuvant chemotherapy and or radio-
therapy, as complete tumour excision is often impossible.* They carry
a poor prognosis.”

Primary cardiac lymphomas make up the remaining 5% of primary
malignant tumours in general population.” They are extranodal,
non-Hodgkin lymphomas that arise from the heart and/or the
pericardium, with a predilection for the right atrium.”* These
extremely rare tumours may present with heart failure or pericar-
dial effusion.” Echocardiography may evidence one or more
masses that are hypo- to isointense on T1 and isointense relative
to myocardium on T2-weighted images in cardiac magnetic reso-
nance. Heterogeneous enhancement may be seen after contrast
administration.?> The most common type is the diffuse large B-cell
lymphoma.” Treatment is based on chemotherapy with or without
surgical resection.

In the general population, secondary cardiac tumours are 10-20
times more prevalent than the primary counterparts.” Shi et al**
analysed 166 paediatric cardiac tumours and they found that car-
diac metastases represented 3.6% of the cases. In adults, melanoma
is the neoplasm with the greatest affinity for cardiac involvement;
however, lung tumours are the principal source of cardiac metasta-
ses in men and breast tumours in women.> Huh et al”® reported
eight cases of secondary cardiac tumours in children, and the pri-
mary tumours were lymphoma (three), Wilms’ tumour (two),
malignant teratoma, neuroblastoma, and pleuropulmonary
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Figure 7 Foetal echocardiogram. Rhabdomyoma adherent to the interventricular
septum and extending into the right ventricle. LA = left atrium; LV = left ventricle;
RA = right atrium; RV = right ventricle.

blastoma. Besides these osteosarcomas also appear to be an impor-
tant primary lesion in children.”””® Cardiac involvement occurs
mainly through the lymphatic and haematogenous routes, and
the right side of the heart is more affected. Unexplained cardiome-
galy, congestive heart failure, arrhythmia, or symptoms of right or
left cardiac dysfunction in an oncological patient without previous
heart disease should prompt an investigation for cardiac metasta-
ses. At echocardiography, an atrial mass is the most common find-
ing which enhances with contrast at cardiac magnetic resonance.??
Chemotherapy with or without surgical resection is the treatment
of choice but the prognosis is poor. In a review of 21 patients with
cardiac metastases secondary to osteosarcoma, the median disease-
free survival time was 12 months.”®

The incidence of foetal cardiac tumours is slightly superior to that
in children, estimated to be 0.08-0.2%.> The relative frequency
among the tumours types is similar to that found in children, with
the exceptions of a higher incidence of rhabdomyomas (60%),
which can naturally regress before birth, and a higher incidence
of teratomas (25%), which is the second more frequent in this
age, instead of fibromas (12%).2 The mechanisms for cardiac dys-
function are the same as in children, but a higher grade of suspi-
cious is required for detection. Reverse flow in the ascending aorta
or in the pulmonary trunk, or an increased flow in the circumflex
artery, should prompt the physician to look out for causes of
obstruction to the outflow tracts.” Diagnosis can be made using
foetal echocardiography (Fig 7) and magnetocardiography has
proven to be a sensible exam to detect arrhythmias and conduction
disorders even in asymptomatic foetuses.?’ Drug treatment of the
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malignant arrhythmias should start immediately and sotalol seems
better for this purpose than digoxin in supraventricular tachycar-
dia.'?° If foetal hydrops is present, intrauterine pericardiocentesis
may be necessary. A tumour size greater than 20 mm and foetal
dysrhythmia seem to be predictors of increased neonatal

morbidity.”

Cardiac thrombus is the main differential diagnosis of a cardiac
tumour. The suspicious should be higher in patients with central
venous catheters. At echocardiography, a thrombus is typically a
mobile intraluminal mass. Its characteristics at cardiac magnetic
resonance depend on its duration. An acute thrombus is hyperin-
tense on T1- and T2-weighted images, a subacute thrombus is
hyperintense on T1 but hypointense on T2-weighted images,
and chronic thrombus is usually hypointense in both T1- and
T2-weighted images.??

Pericardial cysts are part of the differential diagnosis. It typically
occurs in the right cardiophrenic angle in the mediastinum. At car-
diac magnetic resonance, they are hyperintense on T2-weighted
images and do not enhance after contrast administration.??

Cardiac tumours are extremely rare in children and the majority
are benign lesions. Despite their benignity, the clinical presentation
may range from accidental diagnosis to malignant arrhythmias,
obstructive symptoms and ultimately, sudden death. The definitive
diagnosis is only possible through histological analysis; however, it
is possible to infer about tumour type and respective natural his-
tory based on the patient’s age, its location, and imaging character-
istics. When indicated, surgical resection is the main treatment of
choice; however, when it is not feasible, other non-invasive treat-
ments have shown promising results, depending on tumour type.
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