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Overview of cardiac tumors in children




Primary cardiac tumors

- Incidence 0.0017%-0.19% (100 to 1000 less than secondary cardiac tumors)

+ Multiple histotypes

- Outcome usually favorable but can create mechanical complications
(obstructions) or cause arrhythmias

M3C
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Presenting symptoms of cardiac tumors
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Prenatal diagnosis Is frequent for rhabdomyomas,
and teratoma.
Asymptomatic in 57% of cases
Sudden death or severe arrhythmias are rare

Shi L et al. Eur J Pediatr 2017;176:253-60
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Pathological classification and frequency distribution of cardiac tumors iIn children

Primary Benign Frequency (%)

Rhabdomyoma 40-60

Teratoma 15-19

Fbroma 12-16

Myxoma -4

Haermangioma 5

Lymphangioma } : :
Hiemangiopericytoma } Very rate Mainly benign tumors
RGO —— ’ Mainly primary
Primary Malignant 30% operated
Rabdomyosarcomas 2 - 0
N o , Mortality 3%
Secondary Metostotic tumours

Neuroblastoma )

Leukaemia } very

Lymphoma } rare

Melanoma }

Uzun O et al. Orphanet J Rare Disease 2007;2:11
Shi L et al. Eur J Pediatr 2017;176:253-60



Age at diagnosis according to tumor histotype

ITUMOR Adults Children Infants
Myxoma 46 15

Lipoma 21

Papillary fibroelastoma 16

Rhabdomyoma 2 46 65
Fibroma 3 15 12
Hemangioma 5

Teratoma 1 13 18
Mesothelioma of AV node 3 4 2
Granular cell tumor 1 0 0
Neurofibroma 1 1 0
Lymphangioma 1 0 0
‘Hamartoma 0 1 0
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Affected locations of cardiac tumors
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Mainly ventricular walls
Followed by atrial walls
Unique except for rhabdomyomas

Shi L et al. Eur J Pediatr 2017;176:253-60



Beroukhim RS et al. JACC 2011
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Tumor diagnosis prediction using MRI
Tumor Dlagnosis Prediction Table

Tumer Tyoe Location SSFPF T1i Ti e+ FmrSat T2 FPp MDE Other
f xuma Irtramyocurdeld, vertroular - — 2 2 No* ¢ (welkdefined Canbe o
soptum or free wal™ Dorter = Sark core)* atypical locaton
Rha tdorrrpoma Intemeoca'dad o nlracaviary, —~ - s . No* —
allochod 10 myecardu™
Malni- 0=t Inf Nrative * — a Varlable = [F ~ then Hislory of malignascy
Aotsrogenous
apioaratcw)
Vesculars Venadie - = (vorabie) Sweng” » {variadie Corsldct malgnan! tumds
Selerogerious |
hrombos Mural ¢ Mrafu=ing/* - - - - No* — MOE secuence,
sy irrvversion Uime
Mprama Typa by it atrum Dt can De - - - . NO se irreguiar, 208U Cudted,
in ary chambse: L et
! Beon @atoma Peduscuinted, modie No
erdocarde’ or vahvular mase
Meuroperica ciad Bgnt cartioptrenic anpe R 2 No Smoothealiod n*d
oyt well-defired
Purkinge el tusdy  Ventriculer mpocarthus f»® - No Verineuier anfryihemiae*
Tersloma Imrepericerd ol (uual'y — Nu M. thocslar Dosse sted
compreng SYC and,"or HA) ks Wit 30 8 ard
CYslC e
Lpeme) Arvy erhamber o @ - - o

‘Ether songy saspcrthe of or necesaary ‘or Jagronk. 1iefaatee L) OMuirg 2% AW AT OF TR 2 WERn the haa™ 21 iIrvahving 5907 ARG and e acardac wtructarer: or 1! acpantance of rear
Lrowt® Mo # larpe vomnel sLC® 28 (M perier o Moo vere cova £V aeoLar Mofers O tumons Wil si0ag vasoUar supoly, RO METRNLIOMA. T BT vantul st tuTors, and Dargeg o
SUSema waa o taated, DeCme %0 Sosas of Diopey prosen IpOma were nciuded.
= O 2 Py2ontarme: =~ variabie plaralty ¢~ Myperiverme: ¢ ¢+ - stroeg@y yperiniemee: "ot a! - 9l asturetion: TRP - St pata ryocardal 2o alo~: NDEL - myocend ol delaed enancament
RA = sgrt otvere: S5IF ~ ptandy wame e proctaser: SVE = NSeror vona cowa. ,
Beroukhim RS et al. JACC 2011



Risk of arrhythmia by histotype

Al Tumors natdemyoma Fitwvoma Myxoma Vascua Teratoma Upoma Other

Patierts, n 173 1086 a3 14 6 4 3 15
Cincaly signficent arrtytamia 42 (24%) 17 (16%) 16 (64%) 1(7%) 1(A7%) 0 0 T(4TS)
Cardiac armest/VF 4(32%) — 2010%) — 1A% — - 110%)
Vi a7 (18%) G |6%) 16 (64A%) 1™ — — — 413™)
WPW /‘sintained SVT 201%) 213%) - — — - — —
WPW,/ no SVT 9 (5% 5 (8% - - - - — 107%)
Non-WPW sustaned SVT 9 (9% S(5%) — -— -— -— — 5 133%)
Low grade antythmia 25 (%) 13(12%) 1 (4%) 1% - - ~— —
Arry armiythenia (ow grade - clinically siphfcort) 57 (33%) 30 (28%) 17 (65%) 2 (14%) 1(17%) 0 0 T(4TS)

Veloos are nor n (N Some patienrts maght have had more hen 1 srrtyitreia Cirncaly signficant ortyyt brrdes 0% suddvided By Sype and Sefined n teal Low @rede arrfrythrria inciuded ragqeert prematiure
striad Deata, vertricuar ectope Daata of cougieta, and brief romuuatained sepravertricular tachycasda [SAT) in pationta withowt manfest pre-exciation.
W = werircoler fiiation: ¥T « vertrioder tachycardia. WI'W ~ WoltY Farkdasos- Whits syndrome.



Distribution of types, age at diagnosis,
outcome of operated cardiac tumors in children

Table 1 Summary of 120 children with a candine tumos

Tamor type Number of paents % of 1olal  Age range Mecan age (year)  No, (%) of deaths  Age of deaths (days)
Rhabdomyoma 42 35 i day=6 years 06 3(7) 3.13, and 17
Myxoma pi A 4 days=20 yoars V 1 (4) 25

Fitvoma 20 17 S days=17 years 325 4 (20) 5. 15, 28, and 38
Tersmoma 8 7 1 day=16 years 3 1 (12) 4

Pencardial 4 35 43 days=15 years 7.3 0 () -
Rhabdomyossrcoma 3 2.9 20 days=X years = 0 ) -

S&Coma 2 1.5 T days—14 yems - 0 () -

Hamartoma ! | ! year ] 0 () -

Uncategonized 12 10 | day=16 years 425 0 ) -

Towsd 120 1) | day=20 years 36 9(7) Mean age 14
L2

Bielefeld KJ et al. Pediatr Cardiol 2013;34-125-8



Indications for surgery according to tumor histotype

Echocardiographic

Tumor Histotype Presence of Abnormal Hemodynamical
{No. of Patients) Symptoms ECG Impairment
Rhabdomyoma (32) 23({71.8) 9(28.1) 26 (81.2)
Myxoma (18) 10 (55.5) 04{0.0) 14 (77.7)
Teratoma (12) 7(58.3) 3 (25.0) 4 (33.3)
Fibroma (9) 9 (55.5) 1{11.1) 9(100.0)
Hemangioma (8) 8 (100.0) 2(25.0) 3 (37.5)
Sarcoma (5) 5 (100.0) 3 (60.0) 3 (60.0)
Other* () 3 (60.0) 04{0.0) 4 (80.0)
Total (89) 61 (68.5) 18 (20.2) 63 (70.8)

All data shown are number of palients (% of tumor histotype).
*Other includes pseudotumor (3), papilloma (1), and malignant teratoma (1).

M3C
Padalino M et al. Circulation 2012; 126:22-30



Primary surgical procedures and deaths rates according to tumor histotype

Early Death Late Death

No. of Complete Partial Other (Within 30 d (After 30 d
Histotype Patients  Resection  Resection OHT Surgery*  From Operation)  From Operation)
Rhabdomyoma 32 15 (46,9) 14 (43.8) 1(3.1) 2(6.2) 1301 0(0.0)
Myxoma 18 17 (94.4) 1 (5.6) 0 (0.0) 0 {0.0) 0(0.0) 0(0.0)
Teratoma 12 12 (100.0) 0 {0.0) 0(0.0) 0(0.0) 1(8.3) 0(0.0)
Fibroma G 5(55.6) 1(11.1)  3(333 0(0.0) 0(0.0) 2(22.21¢
Hemangioma 8 7 (87.5) 1(125  0(0.0 0 (0.0) 0{0.0) 0{0.0)
Sarcomas 5 2 (40.0) 36000 0(0.0) 0 (0.0) 1{20.0) 2 (40.0)
Otheri| 5 4 (80.0) 12000 0(0.0) 0 {0.0) 1(20.019 0(0.0)
Total 89 62 (69.7) 21(236) 445 2(2.2) 4(4.5) 4(4.5)

All data are shown as number of patients (% of fumor histotype). OHT indicates orthotopic heart transplant.
*Other surgery includes cavopulmonary anastomosis (1), midline stemotomy and incisional biopsy (1).
tPostoperative brain hemorrhage.
tStatus post heart fransplant.
§Two patients lost at follow up.
[Other tumor hislotypes include pseudotumor (3), papilloma (1), malignant teratoma (1).

» Malignant feratoma.

M3C
Padalino M et al. Circulation 2012; 126:22-30



Postoperative complications according to tumor histotype

Pleural andfor
Postoperative Pericardial Phrenic Other
LCO Arrhythmia PNX EMusion Norve Injury  Complcations* Total
! | ! K | 3 10 (31)
0 | ! | 0 | 4(22)
2 1 0 0 0 1 433
0 1 0 0 0 2 3 (33)
0 0 0 ! 0 1 2(2%5)
1 0 0 0 0 0 1 (20)
1 0 0 1 0 0 2 (40)
5(5.6) 4(54) 2122 6(6.7) 1{1.1) 8(9.0) 26 (29.2)

Al data are shown as number of patients (% of tumar histotype). LCO indicates low cardiac output syndrome; PNX. pneumothorax,
*Other compiications Inciude undetermingd mindr secondary complications (3), acute cardiac transpiant rejection (1), multiorgan fallxe
(1), supenor vena cava thrombosis after heart transplant (1), respirsiory nsufficiency requinng long-term mechanical ventilation (1), and
cerebral hemomhage on previous Drain surpery site (1),
10ther tumor histotypes inciude psasudotumor (3), papilioma (1), and maignant teratoma (1).

Padalino M et al. Circulation 2012; 126:22-30



Rhabdomyoma(s)




Key points for Rhabdomyomas

1. Prenatal diagnosis is frequent
2.Associated with TSC in a large proportion

3.Cardiac outcome usually favorable with regression of tumors
before 6 years of age

4.Global outcome is related to TSC (neurological outcome) and is
difficult to predict

5.Surgical treatment is exceptional is case of obstruction of the In-
or outflow tracts

M3C



Rhabdomyoma



Rhabdomyoma



Rhabdomyoma



Rhabdomyoma



Tuberous Sclerosis Complex-Clinical features

Cortical Tubers

Subependymal nodules
SEGAs

Retinal astrocytic hamartomas
AChromic patcnes

Facial angiofibromas ~ i3 LAM-specific features:

AR, D Ak AT ~ LAM nodules/cysts
Omnamval hbromas e R 2,

{ Lymphatic abnormalities
Cardiac rhabdomyoma ©
: . » - Renal angiomyolipomas
Bone Lesions Renal cysts

o - . ! 0..- Tt " -
Hamartomatous rectal polyps I Mterine PEComac

Peri-fungual fibromas -

Skin features:
Hypomelanotic patches
Shagreen patches
Confetti kesions




@ Tuberous sclerosis - Cutaneous manifestations

Wood Lamp

Rhabdomyoma



Tuberous sclerosis - Polycystic kidney disease

Rhabdomyoma



Tuberous sclerosis - Cerebral tuber

Rhabdomyoma




Tuberous Sclerosis Complex-Genetics

*The mutations in tuberous sclerosis complex may be in one of two tumor
suppressor genes TSC1 and TSC2. TSC1 on chromosome 9934 codes

for hamartin. TSC2 on 16p13 codes for tuberin.

‘Hamartin and tuberin form a complex that activates GTPase-activating
protein which in turn inhibits mTOR pathway. mTOR is a highly specific protein
kKinase that regulates protein synthesis, cell differentiation, growth and cell
migration.

Mutations in either TSC1 or TSC2 result in constitutive activation of mTOR
pathway causing abnormal growth and tumor formation.

M3C



Tuberous Sclerosis Complex-Genetics

Energy status

Insulin signaling

Inflammatory signaling

IKKS

Wnt/B-catenin signaling

1/6000

60% of cases arise
from de novo
mutations

4E-BP1
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Fetal Rhabdomyomas




Fetal Rhabdomyomas




Rhabdomyomas - Multiple, hyperechogenic




Rhabdomyomas - Inflow obstruction

Mitral Tricuspid




Rhabdomyomas - Outflow obstruction




Rhabdomyoma - obstruction of the LVOT




Rhabdomyomas - Outflow obstruction

RVOT




Rhabdomyomas - ECG
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Rhabdomyomas - CT
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Rhabdomyomas - MRI
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Fibroma




Fibroma



Fibroma



Fibroma



Fibroma - ECG
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Fibroma - Unique, large, echogenicity close to that of adjacent myocardium
Y



Fibroma



BONTAL MECHER ENEANT

Fibroma - CT



Fibroma - MRI Beroukhim RS et al. JACC 2011



Fibroma - MRI



Teratoma




Intra-pericardial Teratoma



Intra-pericardial Teratoma



Intra-pericardial Teratoma



Intra-pericardial Teratoma



Intra-pericardial Teratoma - Neonatal



Cardiac Teratoma
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Cardiac Teratoma Ou P et al. Circulation 2006:113:17-8



Cardiac Teratoma



Cardiac Teratoma




Cardiac Teratoma



Myxoma







Myxoma






Main features of Carney complex

Primary Pigmented Nodular Adrenocortical Disease
(PPNAD)

Cardiac myxoma
Skin myxoma
Lentiginosis
Multiple blue nevus

Breast ductal adenoma

Testicular tumors (LCCSCT: Large-Cell Calcifying Sertoli
Cell Tumor) (in male)

Ovarian cyst (in female)
Acromegaly

Thyroid tumor
Melanotic schwannoma
Osteochondromyxoma

(%)
25-60

30-60
20-63
60-70

33-56

20-67
10
10-25
8-18
<|0)



Carney Complex - Skin features



Carney complex and cardiac myxoma

-About 7% of cardiac myxomas are associated with Carney Complex.

*The etiology of Carney Complex has been localized to protein kinase A
regulatory subunit gene PRKAR1A on chromosome 17923-24.

-Germline inactivating mutations in this gene have been found in about 70% of
individuals with Carney Complex.

M3C



cAMP/PKA pathway

Carney Complex - Genetics

Inactivation of the
Carney complex gene 1
(PRKAR1A)



Myxoma



Myxoma - Right atrium



Myxoma - Left atrium



Myxoma - CT



SSFP cine

Myxoma - MRI



Papillary fibro-elastoma







Fibroelastoma



Fibroelastoma



Fibroelastoma



Fibroelastoma



Fibroelastoma



Fibroelastoma - Surgical removal - Pulmonary valve fibroelastoma httpS :/ / mmcts.org



Lipoma




Lipoma



Atrial septal lipoma. (A) 4-Chamber T2-weighted black blood image showing a well-defined uniformly high signal lesion within the
interatrial septum (curved arrow); (B) 4-Chamber T1-weighted black blood image again showing the lesion as having uniformly high
sighal in keeping with a fat composition; (C) 4-Chamber T2-weighted black blood image with fat suppression showing complete and
uniform signal suppression (curved arrow). RA, right atrium; LA, left atrium; LV, left ventricle.

Lipoma



Hemangioma




Cardiac hemangiomas
- Cardiac Hemangiomas are rare tumors that are observed in both children and adults.

- Hemangioma is generally a mix of capillary, cavernous, and arteriovenous (AV) hemangioma type

- There are no known risk factors for sporadic Cardiac Hemangiomas; however, in some
iIndividuals, the tumor Is seen to be associated with Kasabach-Merritt syndrome.

- Many small hemangiomas are often undiagnosed and do not cause any signs and symptoms. In
some cases, Cardiac Hemangiomas may present with chest pain, breathing difficulties,
arrhythmias, and pericardial effusion

- Complications could include heart failure, severe obstruction of heart function, and even sudden
death due to severe arrhythmias

- Surgical removal of the hemangioma is typically the best treatment option for Cardiac
Hemangioma. The prognosis of the tumor with suitable treatment (surgical excision and removal)
IS reported to be good

M3C



Hemangioma



Hemangioma



Hemangioma Beroukhim RS et al. JACC 2011



Malignant tumors




Overall survival curve (Kaplan - Meier)
according to mass malignancy

Tumor
104 type
- = Malignant
I - Benign
|
' 93.3%
0.8 "
|
| Overall survival curve (benign and malignant)
I : ;
06 oo '—\_l__g
| . 1.1% |
% | i
l o
0 > o : Fomt?tmgmcy?nu)
Number of patients with:
5 62 44 13 4 benign tumor
7 3 0 0 0 malignant tumor ‘
0.0 |
— T r T | p—
0 S 10 15 20

Follow-up length (years) Padalino M et al. Circulation 2012: 126:22-30



Lymphoma;

91



Lymphoma



Sarcoma



Nephroblastoma - Extension into IVC and right atrium



Other rare anomalies




Inflammatory myofibroblastic tumor

IMFTs are proliferations of uncertain histogenesis, which vary in appearance from inflammatory,

reactive-appearing proliferations to low-grade sarcomas.
*In the heart, they invariably arise from the endocardium, including valve leaflets, are variably

cellular, and usually have abundant myxoid matrix and surface fibrin.




Hydatid cyst |

Moorthy N et al. JACC 2013;62



Cystic tumor of the atrioventricular node
&
Histiocytoid cardiomyopathy
Purkinje tumors




Cystic tumor of the atrio-ventricular node

- Rare, benign
* Revealed as AV block or sudden death
- Mainly in female

Hoey ETD et al. QIMS 2014



Cystic tumor of the atrio-ventricular node

Sharma G et al. Cardiovascular Pathology 19 (2010) e75—78



Histiocytoid cardiomyopathy

 Rare, arrhythmogenic disorder caused by multifocal hamartomatous proliferation of cardiac
cells with oncocytic features.

» Synonyms include Purkinje cell hamartoma and cardiac hamartoma.

* The female:male ratio is 3:1.

* Approximately 5% of reported cases have occurred in families.

* Arrhythmias associated with histiocytoid cardiomyopathy include paroxysmal atrial
tachycardia, atrial fibrillation, ventricular fibrillation, ventricular tachycardia, premature atrial
contractions, premature ventricular contractions, Wolff—- Parkinson- White syndrome, and
right or left bundle branch block.

*In infants with intractable arrhythmias, electrophysiological mapping is indicated if
antiarrnythmics are ineffective in ablating arrhythmias and allowing regression of the lesions.
Treatment includes surgical excision or direct-vision cryoablation of the multiple small
nodular tumors.

* Mortality is high (20%).

M3C
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Histiocytoid cardiomyopathy




Histiocytoid cardiomyopathy

-Pathologically, there are typically subendocardial yellow—-tan nodules or
plaques.

*They can also be seen in the inner myocardium and subepicardial areas.

*The lesions may be grossly difficult to identify, but there is generally a subtle
color difference separating the lesion from a normal myocardium.

*The histologic findings are pathognomonic, with nests of foamy-appearing
myocytes resembling macrophages.

M3C



Histiocytoid cardiomyopathy
Right ventricle

Sub-endocardial yellow tan plaques
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Subendocardial, epicardial,
or valvular yellow-tan nodules
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Histiocytoid cardiomyopathy
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Multiple tumors in the left atrium




Histiocytoid cardiomyopathy

Vacuolated oncocytic cells




Pericardial tumors

see the course Pericardial anomalies




Pericardial tumors

* Pericardial tumors can be benign or malignant (1-3 per 10,000 patients in autopsy series)
» Of the benign pericardial tumors, pericardial cysts are the most common.

 Other benign pericardial tumors include angiomas, lymphangiomas, fiboromas, teratomas, and
lipomas.

*Mesothelial cardiac excrescences and mesothelial papillomas are among the benign tumors
of the pericardium. They are small collections of mesothelial cells mixed with fat cells,
macrophages with no intervening stroma. Histologically, mesothelial papillomas appear as a
cuboidal epithelioid cell arising from the pericardial surface. It is also called an adenomatoid
tumor. It is usually an incidental finding at autopsy.

» Surgical excision of a benign pericardial tumor is usually curative.

* Metastatic pericardial tumors occur 20-40 times more commonly than the primary
pericardial tumors.
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Pericardial cysts

Rare lesions and commonly located in the right
pericardiophrenic angle.

» Usually filled with clear fluid.

-Patients are generally asymptomatic, and the lesion is
often discovered on a routine chest film. The appearance
Is typically stable over a long period. In most cases, no
cardiac surgery Is nhecessary.

*On CMR, pericardial cysts appear as paracardiac masses
with long T1 and T2 values and flow void, indicating fluid-
filled structures. They have low signal intensity on T1-
weighted images and increased signal intensity on T12-
weighted images. After the injection of gadolinium,
intracystic septae may be seen. In addition, a line of low
signal intensity, representing the pericardial layer, can
often be visualized. The significant advantage of CMR is
its ability to differentiate these lesions from other
mediastinal masses and avoid explorative surgery to
determine the diagnosis.




Pericardial cysts
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Pericardial lipoma - MRI T2 Pericardial lipoblastoma - MRI T1 Restrepo SC et al.

Radiographics 2013



Mesothelioma Restrepo SC et al. Radiographics 2013
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Collective ignorance is the motivation Individual experience is the braike
Curiosity is the strength Indifference is the weakiness
Research is the path Arqument from authority is the threak




