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Tumeurs cardiaques

•Tumeurs bénignes 90%
•Rhabdomyomes 40-60%
•Tératomes cardiaques et péricardiques 15-20%
•Fibromes 12-16%
•Hémangiomes 5%
•Myxomes 2-4%
•Lipomes, fibroélastomes, lymphangiomes

•Tumeurs malignes 10%
- primitives :sarcomes
- secondaires: neuroblastome, néphroblastome, LNH

•Diagnostic anténatal possible
•Incidence: 0,02-0,08 % = pathologie très rare
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Abstract The aim of this study was to investigate the patho-
logical classifications, clinical features, and natural history of
pediatric cardiac tumors to provide a basis for the selection of
an appropriate therapeutic method. The medical records of in-
or outpatients with cardiac tumors at four hospitals were clas-
sified to analyze various types of tumor growth locations,
clinical manifestations, surgical indications, and long-term
follow-up results. There were 166 patients, including 158 with
primary cardiac tumors, six with metastatic cardiac tumors,
and two with unclassified cardiac tumors. Among the 158
cases of primary cardiac tumor, 150 were benign and eight
were malignant. The rhabdomyoma, fibroma, and myxoma
are the most common types of benign cardiac tumors. The
major clinical manifestations of cardiac tumors include

outflow tract obstruction, arrhythmia, dyspnea, pericardial ef-
fusion, heart failure, and seizures. Among the 59 patients who
underwent surgery, 49 had primary benign cardiac tumors,
eight had primary malignant tumors, and two had malignant
metastatic tumors. Post-surgery, nine of the patients had resid-
ual tumor tissues that did not significantly affect their hemo-
dynamics. Following surgery, there were two cases of recur-
rence and nine deaths, including four of benign and five of
malignant tumors with mortality rates of 8.2 and 50.0 %, re-
spectively. Of the remaining 107 cases of patients who did not
undergo surgery, five (4.7 %) died.

Conclusion: The primary benign cardiac tumors are the
predominant pedia tr ic cardiac tumors, of which
rhabdomyoma, fibroma, and myxoma are the most common

Communicated by Jaan Toelen

* Meirong Huang
huangmeirong128@sina.com

Lin Shi
shilin19880913@163.com

Lanping Wu
wulanpin1112@sina.com

Huijuan Fang
fhj000@126.com

Bo Han
hanbo35@163.com

Jialun Yang
304179630@qq.com

Xiaojin Ma
mirror1159@aliyun.com

Fang Liu
liufang@fudan.edu.cn

Yongwei Zhang
ywz811@126.com

Eur J Pediatr (2017) 176:253–260
DOI 10.1007/s00431-016-2833-4

Tingting Xiao
xjtt2000@smmail.cn

Min Huang
huangm@shchildren.com.cn

1 Shanghai Children’s Medical Center, Medical Institute, Shanghai
Jiaotong University, Shanghai, China

2 Shandong Provincial Hospital, Jinan, People’s Republic of China

3 Children’s Hospital, Fudan University, Shanghai, China

4 Shanghai Children’s Hospital, Medical Institute, Shanghai Jiaotong
University, Shanghai, China

5 Department of Pediatric Cardiology, Shanghai Children’s Medical
Center, Medical Institute, Shanghai Jiao Tong University, 1678,
Dongfang Road, Shanghai 200127, China

ORIGINAL ARTICLE

Identification and clinical course of 166 pediatric cardiac tumors

Lin Shi1 & Lanping Wu1 & Huijuan Fang2 & Bo Han2 & Jialun Yang3 & Xiaojin Ma3 &

Fang Liu3 & Yongwei Zhang4 & Tingting Xiao4 & Min Huang4 & Meirong Huang1,5

Received: 7 January 2016 /Revised: 12 December 2016 /Accepted: 18 December 2016 /Published online: 10 January 2017
# Springer-Verlag Berlin Heidelberg 2017

Abstract The aim of this study was to investigate the patho-
logical classifications, clinical features, and natural history of
pediatric cardiac tumors to provide a basis for the selection of
an appropriate therapeutic method. The medical records of in-
or outpatients with cardiac tumors at four hospitals were clas-
sified to analyze various types of tumor growth locations,
clinical manifestations, surgical indications, and long-term
follow-up results. There were 166 patients, including 158 with
primary cardiac tumors, six with metastatic cardiac tumors,
and two with unclassified cardiac tumors. Among the 158
cases of primary cardiac tumor, 150 were benign and eight
were malignant. The rhabdomyoma, fibroma, and myxoma
are the most common types of benign cardiac tumors. The
major clinical manifestations of cardiac tumors include

outflow tract obstruction, arrhythmia, dyspnea, pericardial ef-
fusion, heart failure, and seizures. Among the 59 patients who
underwent surgery, 49 had primary benign cardiac tumors,
eight had primary malignant tumors, and two had malignant
metastatic tumors. Post-surgery, nine of the patients had resid-
ual tumor tissues that did not significantly affect their hemo-
dynamics. Following surgery, there were two cases of recur-
rence and nine deaths, including four of benign and five of
malignant tumors with mortality rates of 8.2 and 50.0 %, re-
spectively. Of the remaining 107 cases of patients who did not
undergo surgery, five (4.7 %) died.

Conclusion: The primary benign cardiac tumors are the
predominant pedia tr ic cardiac tumors, of which
rhabdomyoma, fibroma, and myxoma are the most common

Communicated by Jaan Toelen

* Meirong Huang
huangmeirong128@sina.com

Lin Shi
shilin19880913@163.com

Lanping Wu
wulanpin1112@sina.com

Huijuan Fang
fhj000@126.com

Bo Han
hanbo35@163.com

Jialun Yang
304179630@qq.com

Xiaojin Ma
mirror1159@aliyun.com

Fang Liu
liufang@fudan.edu.cn

Yongwei Zhang
ywz811@126.com

Eur J Pediatr (2017) 176:253–260
DOI 10.1007/s00431-016-2833-4

Tingting Xiao
xjtt2000@smmail.cn

Min Huang
huangm@shchildren.com.cn

1 Shanghai Children’s Medical Center, Medical Institute, Shanghai
Jiaotong University, Shanghai, China

2 Shandong Provincial Hospital, Jinan, People’s Republic of China

3 Children’s Hospital, Fudan University, Shanghai, China

4 Shanghai Children’s Hospital, Medical Institute, Shanghai Jiaotong
University, Shanghai, China

5 Department of Pediatric Cardiology, Shanghai Children’s Medical
Center, Medical Institute, Shanghai Jiao Tong University, 1678,
Dongfang Road, Shanghai 200127, China

during follow-up, including one with malignant mesothelio-
ma, one with a yolk sac tumor, one with rhabdomyosarcoma,
one with undifferentiated tumors, and one with adrenal corti-
cal carcinoma.

Among the deceased patients, four had benign tumors (all
were perioperative deaths) and five had malignant tumors (all
were long-term mortality) with postoperative mortality rates
of 8.2 and 50.0 %, respectively.

One hundred and seven patients were treated nonsurgically.
Among them, 11 patients had varying degrees of outflow tract
obstruction; of whom, five died, including one of sudden
death due to right ventricular outflow tract obstruction, two

with severe heart failure, one with cardiac tumor metastases
from left renal clear cell tumors, and one with malignant epi-
thelial cancer but a cause of death of other serious complica-
tions. The remainder of the young patients survived with the
tumors in the long term; they were followed up for a median of
12 months (range, 1 month to 10 years), and no significant
clinical manifestations were observed.

Discussion

Pediatric primary cardiac tumors are rare, with an autopsy rate
of occurrence of 0.01–5 % [3]. Pediatric primary cardiac tu-
mors are reportedly mainly benign and malignant tumors ac-
counting for only 10 %. Furthermore, the incidence rate of
metastatic cardiac tumors is reported 10–20 times greater than
that for primary malignant cardiac tumors with no significant
difference between the sexes [27]. In this study, the 166 pa-
tients with cardiac tumors were also mainly benign, while
primary malignant cardiac tumors and metastatic cardiac tu-
mors accounted for 4.8 and 3.6 %, respectively. There were
twice as many male patients as female patients, a finding that
was inconsistent with those in the literature.

Cardiac rhabdomyoma

Cardiac rhabdomyoma comprised 63.3 % of the primary car-
diac tumors in this study, an incidence that is similar to that
reported in the literature [13]. Cardiac rhabdomyoma is a
hamartoma formed at the development of cardiomyocytes,
which usually displays no significant symptoms and tends to

Table 2 Affected locations of different types of cardiac tumor

Type Cases (N) Location (N)

LA LV RA RV VS MV TV MPA Pericardium Multiple

Rhabdomyoma 100 1 15 1 21 6 – 1 – – 55
Myxoma 15 8 1 1 3 – 1 – – – 1
Fibroma 21 – 10 2 5 3 – – 1 – –
Hemangioma 6 – 1 3 1 – – – – 1 –
Lipoma 5 – 2 1 1 1 – – – – –
Papillary fibroma 2 – – – – – 2 – – – –
Pericardial cyst 1 – – – – – – – – 1 –
Fibrosarcoma 2 – – – – – – – – 1 1
Malignant mesothelioma 2 – – – 1 – – – – 1 –
Lymphoma 2 – – 2 – – – – – – –
Rhabdomyosarcoma 1 – – – – – – – – 1 –
Undifferentiated sarcoma 1 – – – – – – – – 1 –
Adrenocortical carcinoma 1 – – 1 – – – – – – –
Renal clear cell sarcoma 1 – – 1 – – – – – – –
Wilms’ tumor 1 – – 1 – – – – – – –
Yolk sac tumor 1 – – 1 – – – – – – –
Malignant epithelial cell carcinoma 1 – 1 – – – – – – – –
Hepatoblastoma 1 1 – – – – – – – – –
Unknown 2 – 1 – 1 – – – – – –
Total 166 10 31 14 33 10 3 1 1 6 57

Table 3 Major clinical manifestations in young patients diagnosed
with cardiac tumors

Clinical manifestation Cases (N) Percentage (%)

None 41 24.7

Heart murmur 54 32.5

Shortness of breath 13 7.8

Arrhythmia 11 6.6

Pericardial effusion 9 5.4

Twitch 6 3.6

Edema 3 1.8

Syncope 3 1.8

Embolism 2 1.2

Cyanosis 1 0.6

Others 23 13.9

Total 166 100.0

BOthers^ includes fever, chest tightness, palpitations, anorexia, etc.
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57% asymptomatique
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affected in one (0.6 %). The positions of different types of the
tumors are shown in Table 2.

Clinical manifestations

In this study, 41 patients had not any clinical manifestations.
Of whom, 21 were diagnosed during a routine body examina-
tion and other 20 were diagnosed by fetal ultrasonography
during pregnancy. Fifty-four had only a heart murmur, while
the other 71 were diagnosed during the treatment for a variety
of different other clinical symptoms (Table 3).

In this study, rhabdomyosarcoma had the highest inci-
dence, affecting a total of 100 young patients, including 30
who were diagnosed during prenatal or postnatal medical ex-
aminations, 35 with a heart murmur only. Among the 27 pa-
tients who underwent routine brain computed tomography
(CT) or magnetic resonance imaging (MRI), 20 patients
(74.1 %) were diagnosed with or were suspected to have tu-
berous sclerosis. A total of 22 cases showed the trend of tumor
regression during follow-up, including three of complete
remission.

There were four cases of cardiac arrhythmia among the 21
cases of cardiac fibroma that included premature ventricular
contractions and paroxysmal supraventricular tachycardia.

Two other young patients, hospitalized with shortness of
breath and fever, experienced sudden death, one due to right
ventricular outflow tract obstruction and the other due to

severe heart failure. Since there was no underlying disease
associated with other systems and it was difficult to confirm
the pathological type through the diagnosis made on CT or
MRI, those two cases were categorized as unclassified cardiac
tumors.

Treatment and prognosis

Fifty-nine patients (35.5 %) underwent surgery; the patholog-
ical results show that there were 49 cases of primary benign
tumors, eight of primary malignant tumors, and two of malig-
nant metastatic tumors. Among the 59 patients, 14 had preop-
erative pericardial effusion, 12 had outflow tract obstruction,
four had arrhythmia, three had syncope, three had embolism,
and 11 had significant shortness of breath and edema due to
tumor compression.

After the surgery, nine patients had varying degrees of re-
sidual tumor tissues but none had significant effect on their
hemodynamics. In one patient with pericardial fibrosarcoma,
the postoperative residual tumor tissue was significantly re-
duced after chemotherapy. There were two cases of postoper-
ative recurrence, both of which were due to myxoma. A total
of nine patients (15.3 %) died after surgery; four early deaths
included three with rhabdomyosarcoma tumor and one with
fibroma. The causes of death were postoperative refractory
heart failure, sepsis, or severe arrhythmia. All of the deceased
patients were <3 months old. The other five patients died

Table 1 Pathological classification and general information of the patients with cardiac tumors

Type Cases (N) Sex (M/F) Age (median) Surgery (N) Death (N)

Primary benign Rhabdomyoma 100 69/31 4 months 16 4

Fibroma 21 12/9 9 months 11 1

Myxoma 15 11/4 10 years 13 –

Hemangioma 6 4/2 2.5 months 5 –

Lipoma 5 3/2 9 years 3 –

Papillary fibroma 2 1/1 – 2 –

Pericardial cyst 1 1/0 – – –

Primary malignant Fibrosarcoma 2 – – 2 –

Rhabdomyosarcoma 1 – – 1 1

Malignant mesothelioma 2 – – 2 1

Lymphoma 2 – – 2 –

Undifferentiated sarcoma 1 – – 1 1

Metastatic Adrenocortical carcinoma 1 – – 1 1

Renal clear cell sarcoma 1 – – – 1

Wilms’ tumor 1 – – – –

Yolk sac tumor 1 – – 1 1

Squamous cell carcinoma 1 – – – 1

Hepatoblastoma 1 – – – –

Unknown 2 2/0 – – 2

Total 166 112/54 59 13

Eur J Pediatr (2017) 176:253–260 255

Tumeurs benignes:
Taux de décès: 3%
30 % opéré



Diagnostic prénatal

growth and heart failure, and steroid therapy should be
reserved for patients with unresectable tumors.34 However,
complete, subtotal, or partial resection of tumors might not
necessarily prevent recurrences, which was likewise the
case for additional chemotherapy for extensive metastasis,
especially in younger children.1 This prognostic tendency
was considered to be closely related to the pathological
disparities between age groups, which was GLUT-1 positive
with abundant capillary endothelium in infantile patients,
whereas it was GLUT-1 negative with intramuscular,
cavernous, or mixed types of hemangiomas in older pedi-
atric patients.36 Patients are usually symptomatic, able to
achieve spontaneous remission, responsive to steroids or
interferon-a, and liable to recurrence after tumor resection
as observed in neonates; however, children with a cardiac
hemangioma are usually asymptomatic and unable to ach-
ieve spontaneous remission.36 A lower recurrent or meta-
static rate in older children after surgical resection and/or
adjunctive chemotherapy is therefore anticipated.36

3.6. Malignant fetal cardiac tumor

Malignant fetal cardiac tumors are even rarer. There were
only a few reports regarding malignant germ cell tumors in
young children. Lazarus et al37 reported an undifferenti-
ated pericardial sarcoma being diagnosed in a 9-day-old
infant postnatally. Despite intensive surgery and chemo-
therapy, the baby died. In young children, many cardiac
malignancies were found at autopsy and some were found
after birth, therefore allowing a surgical resection. Surgical
biopsy or resection may be performed depending on the
site and extent of tumors.38 Surgical resection may offer
symptomatic relief and life prolongation.38

4. Diagnostic evaluation and differential
diagnosis

Cardiac tumors are known to originate in any part of the
heart, including the myocardium, epicardium, endocar-
dium, and pericardium. Although FPCTs are extremely rare
and most are benign, they may cause intracardiac flow
obstruction, heart valve insufficiency, arrhythmia, heart
failure, and hydrops fetalis, or even fetal death.5 These
tumors tend to appear between 20- and 30-week gesta-
tion, and the earliest diagnosis was at 17 weeks. Echo-
cardiography plays an important role in the prenatal
diagnosis of neoplasmas and in the guidance of in utero
pericardiocentesis. Cardiomegaly and pericardial effusions
are the most common echocardiographic findings of FPCTs
(Figure 2).39 Most FPCTs are mature and histologically
benign lesions, and few show immature components.
Rhabdomyomas should also be differentiated from cardiac
myxomas and fibromas. Rhabdomyomas appear as nodular
masses in the atrial or ventricular myocardium on echo-
cardiography, and are usually multiple. Most rhabdomyo-
mas are homogeneously hyperechoic. The majority of
teratomas arise from the pericardium with mixed echo-
genicity, and almost all are associated with pericardial
effusion. Teratomas can also originate from intracardiac
cavities; however, pathological changes are the same.4

Fetal teratomas can be multifocal. Zhou et al33 reported

that a fetus had four separate tumor masses located in the
pericardium, right ventricle, and right atrium; all were
later confirmed to be fetal teratomas. Cardiac myxomas
are often located in the atria, moving with cardiac con-
tractions. Cardiac fibromas are usually solitary masses in
the ventricular myocardium or septum. Hemangiomas are
of mixed echogenicity, and most arise at the base of the
heart adjacent to the right atrium with an intracavitary
component and pericardial effusions.

5. Management and prognosis

The outcome of affected fetuses depends not only on the
nature of the tumor, but also on its location, size, number,
and complications. Arrhythmias that fetal cardiac tumors
produce can be tachyarrhythmias and bradyarrhythmias
during pregnancy or after birth. It is recommended that, if
the fetus is diagnosed with FPCTs, pregnancy should be
continued as long as possible if there are no severe com-
plications. In utero open surgery for fetal tumor resection
can be an option for immature fetuses with hydrops. In a
large series of 23 cases of FPCTs, five underwent
complete or partial tumor resection after birth and 11
died, with at least three dying of congestive heart failure
(Figure 3).6

A cardiac tumor may be too small to be visualized by
echocardiography in the early second trimester, or even
later in gestation. Small tumors, especially those
remaining within the heart wall rather than protruding
into a cavity, may not be detected easily.6 The echogenic
foci in the ventricles, particularly those in the papillary
muscles, can be hypertrophic and may sometimes mimic
rhabdomyomas. A follow-up scan is necessary for demon-
strating the chordae tendinae attached to the papillary
muscles, which move with the atrioventricular valves in
the cardiac cycle. With severe pericardial effusions, a
structure or neoplasm near the heart may protrude into
the pericardial sac and resemble tumor echogenicity.
However, congenital calcification of the atrioventricular
node and dystrophic myocardial calcification should be
examined carefully by echocardiography or histology in
order to avoid misdiagnosis.

Figure 2 Echocardiographic findings of fetal primary cardiac
tumors.39 LVOTO Z left ventricular outflow tract obstruction.
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and children, cardiac rhabdomyomas, teratomas, and fi-
bromas remained the three most common types.5 Never-
theless, fetal information was always limited (Figure 1).
Murmurs, cyanosis, arrhythmias, and cardiac failure are the
major presenting signs of FPCTs during the perinatal
period.4 Fetuses with certain cardiac tumors may also
present with hydrops fetalis and ventricular outflow/inflow
obstruction.7 Neonatal cardiac surgery for the resection of
primary cardiac tumors found by fetal echocardiography
and open fetal surgery for pericardial teratoma resection
have greatly encouraged further development in early
management of fetal cardiac tumors. Owing to the rarity of
FPCTs, relevant information regarding prenatal diagnosis,
treatment, and prognosis remains to be clarified.

2. Definitions

The concept of FPCTs has to been differentiated from a
series of terms of cardiac tumors, including congenital
cardiac tumors, fetal cardiac tumors, pericardiac tera-
tomas, and malignant fetal cardiac tumors. Concepts that
require further clarification may also include primary
pericardial tumors, pericardial cysts, and primary malig-
nant pericardial tumors in the pediatrics summarized by
Restrepo et al.8

FPCTs that are described here represent the following:
(1) primary (other than secondary); (2) fetal (not postnatal
as for the time of onset or investigation, but intervention
might be postponed or extended to the postnatal period);
(3) cardiac and pericardial, as diffuse growth of cardiac
tumor cells may infiltrate the myocardium, epicardium, and
endocardium as well as the (intra)pericardium; and (4) both
benign and malignant. It seems that no secondary (meta-
static) cardiac tumor has been developing either from the
fetuses per se or from their mothers. In addition, congen-
ital cardiac tumors might be interpreted as primary cardiac
tumors in both fetuses and neonates,9 i.e., with a larger
age range than the fetal ones.

3. Fetal primary cardiac tumors

3.1. Rhabdomyoma

Cardiac rhabdomyoma is the most common type of FPCT
with an incidence of 60%.10 Zheng11 found only three cases
of fetal cardiac rhabdomyomas in regular examinations of
more than 4,800 pregnant women. Cardiac rhabdomyomas
are usually benign, and involve the left and right ventricles
and ventricular septum. They often grow into the intra-
cavity of the cardiac chambers, growing either intramurally
or extracardiacally. Of all cases, 90% of the cardiac rhab-
domyomas are multiple tumors. Hydrops fetalis, obstruc-
tion of the ventricular outflow tracts, arrhythmias, and
cardiac shock are the common manifestations.12 Echocar-
diography may reveal a spherical or an oval mass with
strong echogenic focus and a clear boundary.13 The site,
number, and ventricular outflow tract obstruction of fetal
cardiac rhabdomyomas can be observed from the fetal
apical four-chamber view.14 Actually, about 30e50% of fe-
tuses with cardiac rhabdomyomas are associated with

cerebral tuberous sclerosis or sebaceous adenoma.14 Yao
et al14 reported five cases of fetal cardiac rhabdomyomas,
one of which had tuberous sclerosis. Gamzu et al15

described that 39% of suspected cardiac rhabdomyomas in
utero had tuberous sclerosis. Similarly, infants with a car-
diac rhabdomyoma who survived postnatally were exam-
ined by magnetic resonance imaging at the age of 1 year or
2 years, and one of them was noted to have tuberous
sclerosis. Most scholars think that cardiac rhabdomyomas
are myocardial hamartomas instead of true tumors.16

However, clonal cytogenetic abnormalities found in recur-
rent rhabdomyomas were suggestive of the true tumor na-
ture of cardiac rhabdomyomas.17 Histological studies of
fetal cardiac rhabdomyomas revealed typical “spider cells”
with positive immunoreactivities to periodic acid-Schiff,
myoglobin, desmin,18 actin, and myogenin.19 Treatment
strategies depend on fetal/neonatal conditions. Bader
et al19 reported 18 live births with prenatally diagnosed

Figure 1 Incidences of primary cardiac tumors in (A) fetal,6

(B) fetal,4 and (C) fetoneonatal groups.4
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Fetal primary cardiac tumors are rare, but they may cause complications, which are sometimes
life threatening, including arrhythmias, hydrops fetalis, ventricular outflow/inflow obstruction,
cardiac failure, and even sudden death. Among fetal primary cardiac tumors, rhabdomyomas
are most common, followed by teratomas, fibromas, hemangiomas, and myxomas. Everolimus,
a mammalian target of rapamycin inhibitor, has been reported to be an effective drug to cause
tumor remission in three neonates with multiple cardiac rhabdomyomas. Neonatal cardiac sur-
gery for the resection of primary cardiac tumors found by fetal echocardiography has been re-
ported sporadically. However, open fetal surgery for pericardial teratoma resection, which was
performed successfully via a fetal median sternotomy in one case report, could be a promising
intervention to rescue these patients with large pericardial effusions. These recent achieve-
ments undoubtedly encourage further development in early management of fetal cardiac tu-
mors. Owing to the rarity of fetal primary cardiac tumors, relevant information in terms of
prenatal diagnosis, treatment, and prognosis remains to be clarified.
Copyright ª 2016, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
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1. Introduction

Primary cardiac tumors are rare in all age groups with an
incidence of 0.0017e0.027% at autopsy.1 In infantile pop-
ulation, the incidence of primary cardiac tumors was re-
ported to be 0.25%.2 Even though fetal primary cardiac

tumors (FPCTs) are infrequent, they are incidentally dis-
closed by widely used prenatal echocardiography.3 Most
FPCTs are benign; although fetal malignant and metastatic
cardiac tumors have also been described, they are much
rarer. FPCTs can be categorized into benign tumors (rhab-
domyomas, teratomas, fibromas, hemangiomas, and myx-
omas) and malignant tumors (rhabdomyosarcomas and
fibrosarcomas). In addition, Isaacs4 also included oncocytic
cardiomyopathy in the category. No significant differences
were seen between the incidence of FPCTs and that of the
infantile groups (0.11% vs. 0.08%).4 Although the incidences
of various types of tumors varied from fetuses to neonates
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mortality of the four most common histologic subtypes of
benign and malignant tumors is depicted in Figure 3. Early,
all-cause, and disease-specific mortality were estimated on 371
patients, while late mortality was estimated on 309 patients.
Overall mortality in patients with benign tumors was 8.2%,
while in the case of malignancy, it reached 66.3%; 95.1% of
the patients did not require reoperation for a mean of 9.02 years
after surgery. Patients with benign tumors did not require reo-
peration, while there was only one study reporting 50% reo-
peration rate for malignancy. Tumor recurrence and duration
of follow-up for the four most common histologic subtypes
of benign and for the malignant tumors are summarized in
Table 5. The higher percentage of tumor relapse was noted for
patients with myxoma (4.9%, 3/61) and teratoma (3.4%, 1/29)
among patients with benign tumors.

Discussion

This is the first systematic review of literature regarding the
epidemiology, presentation, and outcomes of surgically treated
cardiac tumors presenting in the pediatric and adolescent
population.

Cardiac tumors are extremely rare in both adults and chil-
dren.29 The incidence of cardiac tumors in the pediatric popu-
lation depends on the age and the specific characteristics of the
cohort examined (symptomatic vs asymptomatic, autopsy vs
prenatal diagnosis, surgically excised vs medically managed,
etc). Overall, rhabdomyomas are the most prevalent tumor,
even though the majority does not evoke any symptoms and
have a tendency to spontaneously regress.19,28,29 However, in
surgical series, fibromas are more frequently reported.19 In our
review, the most prevalent tumor was rhabdomyoma. Interest-
ingly, the second most frequent histotype noted was myxoma
possibly due to the inclusion of adolescent patients.

Children and adolescents with cardiac tumors can be asymp-
tomatic or present with a variety of symptoms depending on the
size, location, and histologic subtype of the tumor.17 However,
it should be noted that the presence of symptoms does not
influence survival or incidence of postoperative complica-
tions.28 Both cardiac-specific and noncardiac constitutional

Figure 2. Prevalence of benign and malignant tumors according to
different age groups.

Table 2. Clinical Assessment and Diagnostic Approach.

Clinical presentation, % (n/total patients)
Dyspnea 14.1 (40/282)
Chest pain 2.8 (8/282)
Cyanosis 6.9 (20/290)
Asymptomatic 7.2 (19/262)

Tuberous sclerosis, % 11.9 (20/167)
Physical examination findings, % (n/total patients)

Heart murmur 28.9 (85/294)
Arrhythmias 14.9 (55/355)
CHF 19.1 (54/282)
Pleural effusion 8.1 (24/293)

Mode of diagnosis, % (n/total patients)
U/S 77 (238/309)
Fetal U/S 13.7 (41/298)
ECG 12.1 (28/230)
CXR 13.8 (42/304)
MRI 12.9 (38/293)
CT 11.2 (33/293)
Angiography 7.5 (21/277)
Biopsy 4.8 (9/187)

Abbreviations: CHF, congestive heart failure; CT, computerized tomography;
CXR, chest X-ray; ECG, electrocardiogram; MRI, magnetic resonance imaging;
U/S, ultrasound.

Table 1. (continued)

First Author Journal Year
Years of

Enrollment Country

No. of
Patients, (n) Age at Diagnosis, years

Age at Surgery,
years

Sex, n
(Male/

Female)Total Surgery
Mean
(SD) Median

Fetal,
n

Mean
(SD) Median

Kutay31 Journal of Cardiac
Surgery

2006 2006 Turkey 2 2 9.5 9.5 0 9.5 9.5 1/1

Schaffer32 Cardiovascular
Pathology

2016 2000-2014 United
States

4 3 6.5 7 0 6.5 7 3/0

Wang33 Acta Paediatrica
Taiwanica Journal

2003 1989-2002 Taiwan 15 4 1.6 – 0 1.6 – 2/2

Total 745 371 2.66 – 35 5.33 – 110/68

Abbreviation: SD, standard deviation.
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Introduction

Primary cardiac tumors are extremely rare in children, with an
incidence rate of 0.027% to 0.08% in pediatric autopsies. The
majority of these tumors are benign, with rhabdomyoma being
the most prevalent histologic type, followed by fibroma and
teratoma.1 Nevertheless, approximately 10% of pediatric car-
diac tumors are malignant, with sarcomas constituting the most
common primary cardiac malignancy in children. Patients pres-
ent with a variety of nonspecific symptoms, which make the
diagnosis challenging.2 When diagnosed with a malignant car-
diac tumor, the prognosis is often poor due to the presence of
metastasis. Interestingly, due to the enhancement and increased
use of noninvasive imaging modalities, an increase in the inci-
dence of pediatric cardiac tumors has been reported in the last
decades.3–5

The aim of this systematic review was to perform for the
first time an in-depth literature search and summarize all avail-
able evidence on the epidemiology, presentation, and surgical
management of pediatric cardiac tumors.

Methods

Search Strategy and Eligibility of the Studies

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta Analyses guidelines and in line with the protocol

agreed by all authors. Eligible articles were identified by
a thorough search of PubMed/MEDLINE and Cochrane bib-
liographical databases extending from August 1983 to April
2016 (last search: October 1, 2016). Two investigators (A.T.
and I.P.D.) working independently executed the literature
search using the following MeSH terms: (cardiac tumors
OR cardiac rhabdomyoma OR cardiac fibroma OR cardiac
myxoma OR cardiac teratoma OR cardiac sarcoma) AND
(pediatrics OR children OR infants OR newborns OR adoles-
cents). A manual search of additional articles was conducted
using references from relevant articles and review papers. Any
discrepancies were resolved by consensus agreement between
the two investigators.

In this systematic review, original articles written in English
reporting on more than one patient with cardiac tumor treated
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Abbreviations and Acronyms

ASD atrial septal defect
CT computed tomography
ICU intensive care unit
LCOS low cardiac output syndrome
MRI magnetic resonance imaging
MV mechanic ventilation
PDA patent ductus arteriosus
U/S ultrasound

with surgery before adulthood (age <19 years) were included.
Studies referring solely to diagnostic means of cardiac tumors
in pediatric patients as well as those reporting on mixed pedia-
tric–adult population were excluded.

Study Selection

All studies from large registries or known databases were
deemed ineligible, due to overlapping with some of the
nonpopulation-based studies.

Data Extraction

Data regarding study design, country of origin, study time
frame, number of nonadult patients with cardiac tumors, and
number of those who underwent surgical excision were
extracted from each eligible study. Additionally, patient
demographics (gender, age, weight) and history of tuberous
sclerosis were noted. Tumor characteristics such as tumor
size and location, tumor behavior (benign or malignant),
histological subtype (such as rhabdomyoma, fibroma, sar-
coma), mode of preoperative imaging investigation (eg,
ultrasound [U/S], computed tomography [CT], angiogra-
phy), coexisting lesions (including but not limited to atrial
septal defect [ASD], patent ductus arteriosus [PDA]), and
clinical presentation (eg, dyspnea, chest pain, cyanosis)
were collected and tabulated. Operative characteristics such
as indication for surgery, mechanic ventilation (MV) time,
intensive care unit (ICU) stay, administration of adjuvant
chemotherapy, and postoperative complications (eg, bleed-
ing, infection, heart failure [HF] and pleural effusion) were
marked. Follow-up data on tumor recurrence, duration of
follow-up, mortality, tumor-specific survival, and
reoperation-free period were also extracted. Early mortality
was defined as the mortality rate in the first 30 days after
the operation, whereas long-term mortality referred to a
period over 30 days after surgery.

Statistical Analysis

Outcome measures of eligible studies were tabulated and then
analyzed cumulatively. A purely descriptive approach was
adopted.

Results

Article Selection and Study Demographics

A total of 255 articles were identified through literature search.
The trial flow diagram of the systematic review is depicted in
Figure 1. In total, 28 studies published between 1983 and 2016
from ten different countries met the inclusion criteria and
reported on 745 pediatric patients with cardiac tumors, of
which 371 underwent surgical treatment. Cumulative study
characteristics and patient demographics are summarized in
Table 1. All studies were retrospective in nature. Seven origi-
nated from Europe, ten from Asia/Oceania, and ten from North
America. Data from large registries and databases were
deemed ineligible due to overlapping but are summarized in
Supplemental Table 1.

Mean patient age at the time of surgery was 5.33 years
(range, <1-20 years) and 50% were male (110/220), while
24.7% of the patients were younger than one year (60/243).
Mean patient age at diagnosis was 2.66 years, while 17.4%
of the patients were diagnosed prenatally (35/201). Histolo-
gic distribution stratified by patient age can be reviewed in
Figure 2.

Major Comorbidities and Clinical Assessment

Approximately one of ten patients (20/167) had a documented
diagnosis of tuberous sclerosis, while one of five had a family
history notable for tuberous sclerosis (5/24). The most common
coexisting lesion documented was ventral septal defect (10.4%,
14/134), followed by ASD and PDA in 9.7% (23/247) and 8.5%
(12/141) of the cases, respectively. Dyspnea (14.2%, 40/282)
and cyanosis (6.9%, 20/290) were the most common presenting
clinical symptoms reported in reviewed studies. Of note, 7.2%
(19/262) of the patients presented without clinical symptoma-
tology. Physical and paraclinical examination revealed heart
murmur, congestive HF, and arrhythmias in 28.9% (85/294),
19.1% (54/282), and 14.9% (53/355) of patients, respectively.
The majority of the preinterventional diagnoses were made
with the use of U/S (77%, 238/309). Data regarding physical
examination findings and tumor diagnosis are summarized in
Table 2.

Tumor Characteristics

Tumor characteristics are summarized in Table 3. Mean tumor
size was 3.19 cm (range, 0.18-6 cm). Lesions most commonly
arose from the right ventricle (19%, 55/292), followed by the
left ventricle and left atrium (14.1%, 50/354 and 11.9%, 30/
252, respectively). Of the 344 tumors, 284 (82.6%) were
benign and 13 (3.8%) were malignant, and for 47 (13.6%)
cases, no information was available on the behavior of the
tumor. Rhabdomyoma was the most prevalent benign tumor
(114/284, 50.7%), followed by myxoma (61/284, 21.5%) and
fibroma (61/284, 21.5%). The vast majority of malignant
tumors were sarcomas 11 of 13 (84.6%), with only two cases
of extranodal non-Hodgkin lymphoma being documented.
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Rhabdomyomes



Rhabdomyomes (40-60%)

•Diagnostic anténatal très fréquent

•La vraie question est celle des lésions associées

• Sclérose Tubéreuse de Bourneville?
• Très fréquemment associée (40-90% selon étude)
• Pronostic incertain

• Vie normale
• Retard psychomoteur

• Aucun moyen de connaître l’évolution
• IRM anténatale proposée

•Lésion cérébrale: pas forcément d’atteinte neurologique
•Pas de lésion cérébrale: pas forcément normal en postnatal



•1 cas sur 6000 naissances (133 cas/an en France)

•Maladie autosomique dominante:
•70% néomutations/ 30% transmission parentale

•TSC1 (chromosome 9): code la protéine hamartine
•TSC2 (chromosome 16): code la protéine tubérine
(gènes suppresseurs des tumeurs)

•Bilan neurologique, dermatologique, néphrologique

Sclérose tubéreuse de Bourneville



Epilepsie précoce (Syndrome de West) 
• atteignant près de 80% des patients.
• elle peut être de tout type (focale, généralisée...) 
• grande résistance aux traitements

Troubles du comportement et du caractère
• déficience intellectuelle
• trouble du comportement
• schizophrénie
• HTIC
• anévrysmes cérébraux

Intérêt de l’IRM cérébrale

STB: atteinte neurolgique



- 52 rhabdomyomes de DAN -> IRM fœtale à 30 SA

- 49% de lésions cérébrales spécifiques de STB
- 26 IMG
- Suivi neurologique pour 20 enfants/26 (4.8+/- 2.9 ans)

- Complications neurologiques dans 45% des cas

- 67% des enfants avaient des lésions neuro à l’IRM
- 33% des enfants avaient une IRM normale

Rhabdomyomes, série Necker

Saada J et . al; Ultrasound Obstet Gynecol. 2009 Aug;34(2):155-9.



Diagnostic génétique prénatal de la TSB

• Si parent atteint de TSB et mutation connue, le dg 
génétique est possible par biopsie de trophoblaste (à 
partir de 14 SA) ou par amniocentèse (> 16 SA)

• Impact du diagnostic à discuter avec centre d’expert 
et généticien: variabilité phénotypique de la maladie

• Impossibilité de prédire l’atteinte neurologique en 
anténatal

Diagnosis of fetal cardiac tumors 107

Figure 5 (a) Fetal echocardiography (four-chamber view) at 24 weeks, showing tumor (M) in basal segment of interventricular septum and
obvious left ventricular (LV) outflow tract obstruction on color Doppler flow imaging. Narrowest diameter of basal segment of LV outflow
tract, 2.8 mm. Pathological results revealed rhabdomyoma (Case 31). (b) Maximum velocity of LV outflow tract in systole was
approximately 140cm/s (normal value at 24 weeks of gestational age: 54∼80 cm/s) measured by pulsed-wave Doppler.

Table 3 Presence of single or multiple tumors at fetal echocardiography according to genetic testing in 53 fetuses with cardiac tumor(s), and
in subgroup with positive genetic testing

All (n = 53) Positive genetic test (n = 37)

TSC1 (+) or TSC2 (+) TSC1 (−) and TSC2 (−) Total P TSC1 (+) TSC2 (+) Total P

< 0.0001* 1.0†
Single tumor 5 11 16 1 4 5
Multiple tumors 32 5 37 5 27 32
Total 37 16 53 6 31 37

Data are given as number of fetuses. TSC1 or TSC2 (+) or (–) refers to cases with or without pathogenic or suspected pathogenic mutation
of tuberous sclerosis complex-1 or -2 gene. *Proportion of fetuses with any TSC mutation was significantly higher in fetuses with multiple
compared with in fetuses with single tumor. †Proportion of fetuses with TSC1 mutation did not differ from proportion with TSC2 mutation
according to whether fetuses had multiple or single tumor.

obstruction. All eight families chose to undergo TOP,
and the autopsy results revealed rhabdomyoma in seven
of them.

In all 53 fetuses and their parents, TSC genetic testing
was successful. Samples for genetic testing consisted of
43 fetal samples obtained after TOP; eight obtained
from umbilical cord blood prenatally and two obtained
from peripheral blood after birth. Thirty-seven fetuses
were found to harbor a single pathogenic or suspected
pathogenic TSC1 or TSC2 mutation, of which 25 (68%)
were spontaneous and 12 (32%) were familial TSC2
mutations. Among these 37 fetuses, five fetuses had a
single cardiac tumor and 32 had multiple tumors. The
other sixteen fetuses and their parents all tested negative;
among them, 11 fetuses had a single cardiac tumor, and
five had multiple tumors. Comparison of the group of
fetuses with positive genetic test results and the group
with negative results revealed a significant difference
(P < 0.0001) in the proportion of single and multiple
cardiac tumors (Table 3), indicating that the presence of
multiple cardiac tumors on FE is significantly associated
with TSC. However, the presence of multiple or single
tumors was not associated with the type of TSC mutation:
among the 37 fetuses testing positive, six harbored a
TSC1 mutation and 31 a TSC2 mutation; there was
no significant difference in the proportion of single and

multiple cardiac tumors between the two groups of fetuses
with each of these mutations (Table 3).

Eight fetuses were liveborn, of which six had tested
negative and two had tested positive on prenatal genetic
testing. After 6 months of follow-up, the tumor size had
not changed significantly in seven cases, and the tumor
had reduced in size in one case (Case 25). None of the
eight children underwent cardiac surgery for their tumor.
Two fetuses (Cases 25 and 34) were diagnosed with
TSC both clinically and genetically after birth. These two
children were treated immediately with rapamycin. After
6 months of follow-up, epileptic seizures were not noted
in these children.

Forty-five pregnant women underwent TOP. There
were multiple fetal cardiac tumors identified by FE in 78%
(35/45) of these cases. Thirty-eight of these families agreed
to undergo a fetal pathological anatomy examination.
The results revealed that 36 cases had rhabdomyoma,
including 29 cases of multiple rhabdomyomas and seven
of single rhabdomyoma. Of the remaining two cases, one
involved multiple hemangioma (Case 45) and the other
had a single fibroma (Case 2) (Table 4). In all 38 cases,
autopsy confirmed the FE diagnosis of multiple or single
tumor. Of the 29 cases with multiple rhabdomyomas, 27
harbored a TSC gene mutation and of the seven cases
with a single rhabdomyoma, five harbored a TSC gene

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2019; 54: 103–109.
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Modalités du diagnostic
•Diagnostic prénatal

•Echographies systématiques (asymptomatique)
•Complication

•Anasarque secondaire à une obstruction
•TDR ou TDC
•MFIU

•Diagnostic postnatal
•Souffle
•Cyanose par obstruction
•Insuffisance cardiaque par obstruction
•TDR: extrasystoles, TSV (WPW), BAV
•Echographie pour sclérose tubéreuse de Bourneville



Rhabdomyomes: diagnostic antenatal



Rhabdomyome géant in utero

T2 1 semaine après



Rhabdomyomes



Rhabdomyomes



Rhabdomyomes en IRM

Utile en cas de doute diagnostic car tumeur isolée



Rhabdomyomes

CT décrit les rapports avec les structures adjacentes médiastinales



Rhabdomyomes: anapath

•Tumeurs multiples dans 90% des cas

•Taille variable: 1 mm à 10 cm
•Nodules myocardiques blanchâtres
•Localisation: paroi VD, VG, septum
•Pédonculées avec risque d’obstacle intracavitaire

•Histologie: cellules volumineuse avec fines travées 
radiaires et vacuoles de glycogènes (« spider cells »)



Rhabdomyomes: macroscopie

Courtesy L.Houyel



Rhabdomyomes Courtesy L.Houyel



Rhabdomyomes: évolution

•Régression après la naissance 
•Régression avant 6 ans (première année de vie++) 
•Ne rien faire le plus souvent

•Si conséquences hémodynamiques postnatales

•Exérèse chirurgicale totale ou partielle

•Blalock ou stenting du canal si obstruction VD-AP



Padalino et la. Circ 2012

N= 98



N= 98
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Introduction

Primary cardiac tumors are extremely rare in children, with an
incidence rate of 0.027% to 0.08% in pediatric autopsies. The
majority of these tumors are benign, with rhabdomyoma being
the most prevalent histologic type, followed by fibroma and
teratoma.1 Nevertheless, approximately 10% of pediatric car-
diac tumors are malignant, with sarcomas constituting the most
common primary cardiac malignancy in children. Patients pres-
ent with a variety of nonspecific symptoms, which make the
diagnosis challenging.2 When diagnosed with a malignant car-
diac tumor, the prognosis is often poor due to the presence of
metastasis. Interestingly, due to the enhancement and increased
use of noninvasive imaging modalities, an increase in the inci-
dence of pediatric cardiac tumors has been reported in the last
decades.3–5

The aim of this systematic review was to perform for the
first time an in-depth literature search and summarize all avail-
able evidence on the epidemiology, presentation, and surgical
management of pediatric cardiac tumors.

Methods

Search Strategy and Eligibility of the Studies

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta Analyses guidelines and in line with the protocol

agreed by all authors. Eligible articles were identified by
a thorough search of PubMed/MEDLINE and Cochrane bib-
liographical databases extending from August 1983 to April
2016 (last search: October 1, 2016). Two investigators (A.T.
and I.P.D.) working independently executed the literature
search using the following MeSH terms: (cardiac tumors
OR cardiac rhabdomyoma OR cardiac fibroma OR cardiac
myxoma OR cardiac teratoma OR cardiac sarcoma) AND
(pediatrics OR children OR infants OR newborns OR adoles-
cents). A manual search of additional articles was conducted
using references from relevant articles and review papers. Any
discrepancies were resolved by consensus agreement between
the two investigators.

In this systematic review, original articles written in English
reporting on more than one patient with cardiac tumor treated
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symptoms can be present; thus, a high level of clinical suspi-
cion should be maintained.17 In our study, only the minority of
patients were asymptomatic; the two more commonly reported
symptoms were dyspnea and chest pain. A heart murmur was
noted during physical examination in almost a third of the
patients, while arrhythmias were documented in 14.9 % of
cases. In literature, the highest incidence of cardiac arrhyth-
mias, especially ventricular tachycardia, is reported in patients
with fibromas, who are prone to sudden cardiac arrest.14 On the
other hand, patients with rhabdomyomas can exhibit preexcita-
tion rhythm disorders.14 Given the increased use of

Table 3. Tumor Size and Location.

Tumor size, cm, (n ¼ 91)
Mean 3.19
Range 0.18-6

Tumor location, % (n/total patients)
Pericardium 7.8 (23/292)
RA 15.4 (39/252)
RV 18.8 (55/292)
RVOT 5.4 (16/292)
IVS 3.1 (8/252)
LA 11.9 (30/252)
LV 14.1 (50/354)
LVOT 4.2 (12/281)
RV/LV 2.8 (8/281)
RA/LA 1.9 (5/263)
MV 5.1 (14/274)
TV 2.1 (6/274)

Histology, % (n/total tumors)
Benign, 82.5 (284/344))

Rhabdomyoma 33.1 (114/344)
Fibroma 17.7 (61/344)
Teratoma 8.4 (29/344)
Myxoma 17.7 (61/344)
Hemangioma 4.3 (15/344)
Lymphangioma 1.1 (4/344)

Malignant, 3.77 (13/344)
Non-Hodgkin 0.5 (2/344)
Sarcoma 3.1 (11/344)

Other,a 13.6 (47/344)
Tumor resection, % (n/total tumors)

En bloc resection 60.6 (191/315)
Partial resection 16.8 (53/315)

Abbreviations: IVS, interventricular septum; LA, left atrium; LV, left ventricle;
LVOT, left ventricular outflow tract; MV, mitral valve; RA, right atrium; RV,
right ventricle; RVOT, right ventricular outflow tract; TV, tricuspid valve.
aOther tumors include one cyst, one fibroelastoma, one leiomyoma, one
neurogenic tumor, one Castleman disease, one neuroblastoma, one fibrous
histiocytoma, ten inflammatory myofibroblastic tumors, one lipoma, one septal
cyst, and 28 other nondefined tumors.

Figure 3. Mortality rate for the (A) most common benign tumors and
for (B) benign and malignant tumors cumulatively.

Table 4. Postoperative Complications.

Complications, % (n/Total Patients)
Arrhythmias 8.4 (27/320)
HF 5.4 (16/293)
LCOS 3.6 (9/247)
Reoperation 3.5 (11/309)
Pericardial effusion 2.3 (6/258)
Mitral regurgitation 2.9 (9/309)
Infection 3.2 (8/247)
DVT 0.6 (2/320)
Bleeding 0.4 (1/247)
Atelectasis 0.4 (1/247)
Pleural effusion 2.3 (6/258)
Phrenic nerve injury 0.3 (1/309)
Othera 0.8 (2/242)

Abbreviations: DVT, deep vein thrombosis; HF, heart failure; LCOS, low
cardiac output syndrome.
aOther complications include one right hemiparesis and one
pseudoaneurysm.

Table 5. Tumor Recurrence, Follow-Up, and Freedom From
Reoperation for the Most Common Benign Tumors and Malignancies.

n

Tumor
Recurrence,

% (n)

Mean
Follow-Up,

years

Freedom
From

Reoperation, %

Benign 284 3.1 (9) – 100
Rhabdomyoma 114 2.6 (3) 5.9 –
Fibroma 61 1.6 (1) 6.2 –
Teratoma 29 3.4 (1) 8.5 –
Myxoma 61 4.9 (3) 7.97 –
Malignant 13 46.1 (6) 4.6 50
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Abbreviations and Acronyms

ASD atrial septal defect
CT computed tomography
ICU intensive care unit
LCOS low cardiac output syndrome
MRI magnetic resonance imaging
MV mechanic ventilation
PDA patent ductus arteriosus
U/S ultrasound

with surgery before adulthood (age <19 years) were included.
Studies referring solely to diagnostic means of cardiac tumors
in pediatric patients as well as those reporting on mixed pedia-
tric–adult population were excluded.

Study Selection

All studies from large registries or known databases were
deemed ineligible, due to overlapping with some of the
nonpopulation-based studies.

Data Extraction

Data regarding study design, country of origin, study time
frame, number of nonadult patients with cardiac tumors, and
number of those who underwent surgical excision were
extracted from each eligible study. Additionally, patient
demographics (gender, age, weight) and history of tuberous
sclerosis were noted. Tumor characteristics such as tumor
size and location, tumor behavior (benign or malignant),
histological subtype (such as rhabdomyoma, fibroma, sar-
coma), mode of preoperative imaging investigation (eg,
ultrasound [U/S], computed tomography [CT], angiogra-
phy), coexisting lesions (including but not limited to atrial
septal defect [ASD], patent ductus arteriosus [PDA]), and
clinical presentation (eg, dyspnea, chest pain, cyanosis)
were collected and tabulated. Operative characteristics such
as indication for surgery, mechanic ventilation (MV) time,
intensive care unit (ICU) stay, administration of adjuvant
chemotherapy, and postoperative complications (eg, bleed-
ing, infection, heart failure [HF] and pleural effusion) were
marked. Follow-up data on tumor recurrence, duration of
follow-up, mortality, tumor-specific survival, and
reoperation-free period were also extracted. Early mortality
was defined as the mortality rate in the first 30 days after
the operation, whereas long-term mortality referred to a
period over 30 days after surgery.

Statistical Analysis

Outcome measures of eligible studies were tabulated and then
analyzed cumulatively. A purely descriptive approach was
adopted.

Results

Article Selection and Study Demographics

A total of 255 articles were identified through literature search.
The trial flow diagram of the systematic review is depicted in
Figure 1. In total, 28 studies published between 1983 and 2016
from ten different countries met the inclusion criteria and
reported on 745 pediatric patients with cardiac tumors, of
which 371 underwent surgical treatment. Cumulative study
characteristics and patient demographics are summarized in
Table 1. All studies were retrospective in nature. Seven origi-
nated from Europe, ten from Asia/Oceania, and ten from North
America. Data from large registries and databases were
deemed ineligible due to overlapping but are summarized in
Supplemental Table 1.

Mean patient age at the time of surgery was 5.33 years
(range, <1-20 years) and 50% were male (110/220), while
24.7% of the patients were younger than one year (60/243).
Mean patient age at diagnosis was 2.66 years, while 17.4%
of the patients were diagnosed prenatally (35/201). Histolo-
gic distribution stratified by patient age can be reviewed in
Figure 2.

Major Comorbidities and Clinical Assessment

Approximately one of ten patients (20/167) had a documented
diagnosis of tuberous sclerosis, while one of five had a family
history notable for tuberous sclerosis (5/24). The most common
coexisting lesion documented was ventral septal defect (10.4%,
14/134), followed by ASD and PDA in 9.7% (23/247) and 8.5%
(12/141) of the cases, respectively. Dyspnea (14.2%, 40/282)
and cyanosis (6.9%, 20/290) were the most common presenting
clinical symptoms reported in reviewed studies. Of note, 7.2%
(19/262) of the patients presented without clinical symptoma-
tology. Physical and paraclinical examination revealed heart
murmur, congestive HF, and arrhythmias in 28.9% (85/294),
19.1% (54/282), and 14.9% (53/355) of patients, respectively.
The majority of the preinterventional diagnoses were made
with the use of U/S (77%, 238/309). Data regarding physical
examination findings and tumor diagnosis are summarized in
Table 2.

Tumor Characteristics

Tumor characteristics are summarized in Table 3. Mean tumor
size was 3.19 cm (range, 0.18-6 cm). Lesions most commonly
arose from the right ventricle (19%, 55/292), followed by the
left ventricle and left atrium (14.1%, 50/354 and 11.9%, 30/
252, respectively). Of the 344 tumors, 284 (82.6%) were
benign and 13 (3.8%) were malignant, and for 47 (13.6%)
cases, no information was available on the behavior of the
tumor. Rhabdomyoma was the most prevalent benign tumor
(114/284, 50.7%), followed by myxoma (61/284, 21.5%) and
fibroma (61/284, 21.5%). The vast majority of malignant
tumors were sarcomas 11 of 13 (84.6%), with only two cases
of extranodal non-Hodgkin lymphoma being documented.
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Introduction

Primary cardiac tumors are extremely rare in children, with an
incidence rate of 0.027% to 0.08% in pediatric autopsies. The
majority of these tumors are benign, with rhabdomyoma being
the most prevalent histologic type, followed by fibroma and
teratoma.1 Nevertheless, approximately 10% of pediatric car-
diac tumors are malignant, with sarcomas constituting the most
common primary cardiac malignancy in children. Patients pres-
ent with a variety of nonspecific symptoms, which make the
diagnosis challenging.2 When diagnosed with a malignant car-
diac tumor, the prognosis is often poor due to the presence of
metastasis. Interestingly, due to the enhancement and increased
use of noninvasive imaging modalities, an increase in the inci-
dence of pediatric cardiac tumors has been reported in the last
decades.3–5

The aim of this systematic review was to perform for the
first time an in-depth literature search and summarize all avail-
able evidence on the epidemiology, presentation, and surgical
management of pediatric cardiac tumors.

Methods

Search Strategy and Eligibility of the Studies

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta Analyses guidelines and in line with the protocol

agreed by all authors. Eligible articles were identified by
a thorough search of PubMed/MEDLINE and Cochrane bib-
liographical databases extending from August 1983 to April
2016 (last search: October 1, 2016). Two investigators (A.T.
and I.P.D.) working independently executed the literature
search using the following MeSH terms: (cardiac tumors
OR cardiac rhabdomyoma OR cardiac fibroma OR cardiac
myxoma OR cardiac teratoma OR cardiac sarcoma) AND
(pediatrics OR children OR infants OR newborns OR adoles-
cents). A manual search of additional articles was conducted
using references from relevant articles and review papers. Any
discrepancies were resolved by consensus agreement between
the two investigators.

In this systematic review, original articles written in English
reporting on more than one patient with cardiac tumor treated
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symptoms can be present; thus, a high level of clinical suspi-
cion should be maintained.17 In our study, only the minority of
patients were asymptomatic; the two more commonly reported
symptoms were dyspnea and chest pain. A heart murmur was
noted during physical examination in almost a third of the
patients, while arrhythmias were documented in 14.9 % of
cases. In literature, the highest incidence of cardiac arrhyth-
mias, especially ventricular tachycardia, is reported in patients
with fibromas, who are prone to sudden cardiac arrest.14 On the
other hand, patients with rhabdomyomas can exhibit preexcita-
tion rhythm disorders.14 Given the increased use of

Table 3. Tumor Size and Location.

Tumor size, cm, (n ¼ 91)
Mean 3.19
Range 0.18-6

Tumor location, % (n/total patients)
Pericardium 7.8 (23/292)
RA 15.4 (39/252)
RV 18.8 (55/292)
RVOT 5.4 (16/292)
IVS 3.1 (8/252)
LA 11.9 (30/252)
LV 14.1 (50/354)
LVOT 4.2 (12/281)
RV/LV 2.8 (8/281)
RA/LA 1.9 (5/263)
MV 5.1 (14/274)
TV 2.1 (6/274)

Histology, % (n/total tumors)
Benign, 82.5 (284/344))

Rhabdomyoma 33.1 (114/344)
Fibroma 17.7 (61/344)
Teratoma 8.4 (29/344)
Myxoma 17.7 (61/344)
Hemangioma 4.3 (15/344)
Lymphangioma 1.1 (4/344)

Malignant, 3.77 (13/344)
Non-Hodgkin 0.5 (2/344)
Sarcoma 3.1 (11/344)

Other,a 13.6 (47/344)
Tumor resection, % (n/total tumors)

En bloc resection 60.6 (191/315)
Partial resection 16.8 (53/315)

Abbreviations: IVS, interventricular septum; LA, left atrium; LV, left ventricle;
LVOT, left ventricular outflow tract; MV, mitral valve; RA, right atrium; RV,
right ventricle; RVOT, right ventricular outflow tract; TV, tricuspid valve.
aOther tumors include one cyst, one fibroelastoma, one leiomyoma, one
neurogenic tumor, one Castleman disease, one neuroblastoma, one fibrous
histiocytoma, ten inflammatory myofibroblastic tumors, one lipoma, one septal
cyst, and 28 other nondefined tumors.

Figure 3. Mortality rate for the (A) most common benign tumors and
for (B) benign and malignant tumors cumulatively.

Table 4. Postoperative Complications.

Complications, % (n/Total Patients)
Arrhythmias 8.4 (27/320)
HF 5.4 (16/293)
LCOS 3.6 (9/247)
Reoperation 3.5 (11/309)
Pericardial effusion 2.3 (6/258)
Mitral regurgitation 2.9 (9/309)
Infection 3.2 (8/247)
DVT 0.6 (2/320)
Bleeding 0.4 (1/247)
Atelectasis 0.4 (1/247)
Pleural effusion 2.3 (6/258)
Phrenic nerve injury 0.3 (1/309)
Othera 0.8 (2/242)

Abbreviations: DVT, deep vein thrombosis; HF, heart failure; LCOS, low
cardiac output syndrome.
aOther complications include one right hemiparesis and one
pseudoaneurysm.

Table 5. Tumor Recurrence, Follow-Up, and Freedom From
Reoperation for the Most Common Benign Tumors and Malignancies.

n

Tumor
Recurrence,

% (n)

Mean
Follow-Up,

years

Freedom
From

Reoperation, %

Benign 284 3.1 (9) – 100
Rhabdomyoma 114 2.6 (3) 5.9 –
Fibroma 61 1.6 (1) 6.2 –
Teratoma 29 3.4 (1) 8.5 –
Myxoma 61 4.9 (3) 7.97 –
Malignant 13 46.1 (6) 4.6 50
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with surgery before adulthood (age <19 years) were included.
Studies referring solely to diagnostic means of cardiac tumors
in pediatric patients as well as those reporting on mixed pedia-
tric–adult population were excluded.

Study Selection

All studies from large registries or known databases were
deemed ineligible, due to overlapping with some of the
nonpopulation-based studies.

Data Extraction

Data regarding study design, country of origin, study time
frame, number of nonadult patients with cardiac tumors, and
number of those who underwent surgical excision were
extracted from each eligible study. Additionally, patient
demographics (gender, age, weight) and history of tuberous
sclerosis were noted. Tumor characteristics such as tumor
size and location, tumor behavior (benign or malignant),
histological subtype (such as rhabdomyoma, fibroma, sar-
coma), mode of preoperative imaging investigation (eg,
ultrasound [U/S], computed tomography [CT], angiogra-
phy), coexisting lesions (including but not limited to atrial
septal defect [ASD], patent ductus arteriosus [PDA]), and
clinical presentation (eg, dyspnea, chest pain, cyanosis)
were collected and tabulated. Operative characteristics such
as indication for surgery, mechanic ventilation (MV) time,
intensive care unit (ICU) stay, administration of adjuvant
chemotherapy, and postoperative complications (eg, bleed-
ing, infection, heart failure [HF] and pleural effusion) were
marked. Follow-up data on tumor recurrence, duration of
follow-up, mortality, tumor-specific survival, and
reoperation-free period were also extracted. Early mortality
was defined as the mortality rate in the first 30 days after
the operation, whereas long-term mortality referred to a
period over 30 days after surgery.

Statistical Analysis

Outcome measures of eligible studies were tabulated and then
analyzed cumulatively. A purely descriptive approach was
adopted.

Results

Article Selection and Study Demographics

A total of 255 articles were identified through literature search.
The trial flow diagram of the systematic review is depicted in
Figure 1. In total, 28 studies published between 1983 and 2016
from ten different countries met the inclusion criteria and
reported on 745 pediatric patients with cardiac tumors, of
which 371 underwent surgical treatment. Cumulative study
characteristics and patient demographics are summarized in
Table 1. All studies were retrospective in nature. Seven origi-
nated from Europe, ten from Asia/Oceania, and ten from North
America. Data from large registries and databases were
deemed ineligible due to overlapping but are summarized in
Supplemental Table 1.

Mean patient age at the time of surgery was 5.33 years
(range, <1-20 years) and 50% were male (110/220), while
24.7% of the patients were younger than one year (60/243).
Mean patient age at diagnosis was 2.66 years, while 17.4%
of the patients were diagnosed prenatally (35/201). Histolo-
gic distribution stratified by patient age can be reviewed in
Figure 2.

Major Comorbidities and Clinical Assessment

Approximately one of ten patients (20/167) had a documented
diagnosis of tuberous sclerosis, while one of five had a family
history notable for tuberous sclerosis (5/24). The most common
coexisting lesion documented was ventral septal defect (10.4%,
14/134), followed by ASD and PDA in 9.7% (23/247) and 8.5%
(12/141) of the cases, respectively. Dyspnea (14.2%, 40/282)
and cyanosis (6.9%, 20/290) were the most common presenting
clinical symptoms reported in reviewed studies. Of note, 7.2%
(19/262) of the patients presented without clinical symptoma-
tology. Physical and paraclinical examination revealed heart
murmur, congestive HF, and arrhythmias in 28.9% (85/294),
19.1% (54/282), and 14.9% (53/355) of patients, respectively.
The majority of the preinterventional diagnoses were made
with the use of U/S (77%, 238/309). Data regarding physical
examination findings and tumor diagnosis are summarized in
Table 2.

Tumor Characteristics

Tumor characteristics are summarized in Table 3. Mean tumor
size was 3.19 cm (range, 0.18-6 cm). Lesions most commonly
arose from the right ventricle (19%, 55/292), followed by the
left ventricle and left atrium (14.1%, 50/354 and 11.9%, 30/
252, respectively). Of the 344 tumors, 284 (82.6%) were
benign and 13 (3.8%) were malignant, and for 47 (13.6%)
cases, no information was available on the behavior of the
tumor. Rhabdomyoma was the most prevalent benign tumor
(114/284, 50.7%), followed by myxoma (61/284, 21.5%) and
fibroma (61/284, 21.5%). The vast majority of malignant
tumors were sarcomas 11 of 13 (84.6%), with only two cases
of extranodal non-Hodgkin lymphoma being documented.
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patients were asymptomatic; the two more commonly reported
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noted during physical examination in almost a third of the
patients, while arrhythmias were documented in 14.9 % of
cases. In literature, the highest incidence of cardiac arrhyth-
mias, especially ventricular tachycardia, is reported in patients
with fibromas, who are prone to sudden cardiac arrest.14 On the
other hand, patients with rhabdomyomas can exhibit preexcita-
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Figure 3. Mortality rate for the (A) most common benign tumors and
for (B) benign and malignant tumors cumulatively.

Table 4. Postoperative Complications.

Complications, % (n/Total Patients)
Arrhythmias 8.4 (27/320)
HF 5.4 (16/293)
LCOS 3.6 (9/247)
Reoperation 3.5 (11/309)
Pericardial effusion 2.3 (6/258)
Mitral regurgitation 2.9 (9/309)
Infection 3.2 (8/247)
DVT 0.6 (2/320)
Bleeding 0.4 (1/247)
Atelectasis 0.4 (1/247)
Pleural effusion 2.3 (6/258)
Phrenic nerve injury 0.3 (1/309)
Othera 0.8 (2/242)

Abbreviations: DVT, deep vein thrombosis; HF, heart failure; LCOS, low
cardiac output syndrome.
aOther complications include one right hemiparesis and one
pseudoaneurysm.
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Reoperation for the Most Common Benign Tumors and Malignancies.
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Tumor
Recurrence,
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Benign 284 3.1 (9) – 100
Rhabdomyoma 114 2.6 (3) 5.9 –
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Teratoma 29 3.4 (1) 8.5 –
Myxoma 61 4.9 (3) 7.97 –
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Introduction

Primary cardiac tumors are extremely rare in children, with an
incidence rate of 0.027% to 0.08% in pediatric autopsies. The
majority of these tumors are benign, with rhabdomyoma being
the most prevalent histologic type, followed by fibroma and
teratoma.1 Nevertheless, approximately 10% of pediatric car-
diac tumors are malignant, with sarcomas constituting the most
common primary cardiac malignancy in children. Patients pres-
ent with a variety of nonspecific symptoms, which make the
diagnosis challenging.2 When diagnosed with a malignant car-
diac tumor, the prognosis is often poor due to the presence of
metastasis. Interestingly, due to the enhancement and increased
use of noninvasive imaging modalities, an increase in the inci-
dence of pediatric cardiac tumors has been reported in the last
decades.3–5

The aim of this systematic review was to perform for the
first time an in-depth literature search and summarize all avail-
able evidence on the epidemiology, presentation, and surgical
management of pediatric cardiac tumors.

Methods

Search Strategy and Eligibility of the Studies

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta Analyses guidelines and in line with the protocol

agreed by all authors. Eligible articles were identified by
a thorough search of PubMed/MEDLINE and Cochrane bib-
liographical databases extending from August 1983 to April
2016 (last search: October 1, 2016). Two investigators (A.T.
and I.P.D.) working independently executed the literature
search using the following MeSH terms: (cardiac tumors
OR cardiac rhabdomyoma OR cardiac fibroma OR cardiac
myxoma OR cardiac teratoma OR cardiac sarcoma) AND
(pediatrics OR children OR infants OR newborns OR adoles-
cents). A manual search of additional articles was conducted
using references from relevant articles and review papers. Any
discrepancies were resolved by consensus agreement between
the two investigators.

In this systematic review, original articles written in English
reporting on more than one patient with cardiac tumor treated
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MRI magnetic resonance imaging
MV mechanic ventilation
PDA patent ductus arteriosus
U/S ultrasound

with surgery before adulthood (age <19 years) were included.
Studies referring solely to diagnostic means of cardiac tumors
in pediatric patients as well as those reporting on mixed pedia-
tric–adult population were excluded.

Study Selection

All studies from large registries or known databases were
deemed ineligible, due to overlapping with some of the
nonpopulation-based studies.

Data Extraction

Data regarding study design, country of origin, study time
frame, number of nonadult patients with cardiac tumors, and
number of those who underwent surgical excision were
extracted from each eligible study. Additionally, patient
demographics (gender, age, weight) and history of tuberous
sclerosis were noted. Tumor characteristics such as tumor
size and location, tumor behavior (benign or malignant),
histological subtype (such as rhabdomyoma, fibroma, sar-
coma), mode of preoperative imaging investigation (eg,
ultrasound [U/S], computed tomography [CT], angiogra-
phy), coexisting lesions (including but not limited to atrial
septal defect [ASD], patent ductus arteriosus [PDA]), and
clinical presentation (eg, dyspnea, chest pain, cyanosis)
were collected and tabulated. Operative characteristics such
as indication for surgery, mechanic ventilation (MV) time,
intensive care unit (ICU) stay, administration of adjuvant
chemotherapy, and postoperative complications (eg, bleed-
ing, infection, heart failure [HF] and pleural effusion) were
marked. Follow-up data on tumor recurrence, duration of
follow-up, mortality, tumor-specific survival, and
reoperation-free period were also extracted. Early mortality
was defined as the mortality rate in the first 30 days after
the operation, whereas long-term mortality referred to a
period over 30 days after surgery.

Statistical Analysis

Outcome measures of eligible studies were tabulated and then
analyzed cumulatively. A purely descriptive approach was
adopted.

Results

Article Selection and Study Demographics

A total of 255 articles were identified through literature search.
The trial flow diagram of the systematic review is depicted in
Figure 1. In total, 28 studies published between 1983 and 2016
from ten different countries met the inclusion criteria and
reported on 745 pediatric patients with cardiac tumors, of
which 371 underwent surgical treatment. Cumulative study
characteristics and patient demographics are summarized in
Table 1. All studies were retrospective in nature. Seven origi-
nated from Europe, ten from Asia/Oceania, and ten from North
America. Data from large registries and databases were
deemed ineligible due to overlapping but are summarized in
Supplemental Table 1.

Mean patient age at the time of surgery was 5.33 years
(range, <1-20 years) and 50% were male (110/220), while
24.7% of the patients were younger than one year (60/243).
Mean patient age at diagnosis was 2.66 years, while 17.4%
of the patients were diagnosed prenatally (35/201). Histolo-
gic distribution stratified by patient age can be reviewed in
Figure 2.

Major Comorbidities and Clinical Assessment

Approximately one of ten patients (20/167) had a documented
diagnosis of tuberous sclerosis, while one of five had a family
history notable for tuberous sclerosis (5/24). The most common
coexisting lesion documented was ventral septal defect (10.4%,
14/134), followed by ASD and PDA in 9.7% (23/247) and 8.5%
(12/141) of the cases, respectively. Dyspnea (14.2%, 40/282)
and cyanosis (6.9%, 20/290) were the most common presenting
clinical symptoms reported in reviewed studies. Of note, 7.2%
(19/262) of the patients presented without clinical symptoma-
tology. Physical and paraclinical examination revealed heart
murmur, congestive HF, and arrhythmias in 28.9% (85/294),
19.1% (54/282), and 14.9% (53/355) of patients, respectively.
The majority of the preinterventional diagnoses were made
with the use of U/S (77%, 238/309). Data regarding physical
examination findings and tumor diagnosis are summarized in
Table 2.

Tumor Characteristics

Tumor characteristics are summarized in Table 3. Mean tumor
size was 3.19 cm (range, 0.18-6 cm). Lesions most commonly
arose from the right ventricle (19%, 55/292), followed by the
left ventricle and left atrium (14.1%, 50/354 and 11.9%, 30/
252, respectively). Of the 344 tumors, 284 (82.6%) were
benign and 13 (3.8%) were malignant, and for 47 (13.6%)
cases, no information was available on the behavior of the
tumor. Rhabdomyoma was the most prevalent benign tumor
(114/284, 50.7%), followed by myxoma (61/284, 21.5%) and
fibroma (61/284, 21.5%). The vast majority of malignant
tumors were sarcomas 11 of 13 (84.6%), with only two cases
of extranodal non-Hodgkin lymphoma being documented.
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Conclusion: rhabdomyomes

•Tumeur cardiaque le plus fréquent

•Evolution postnatale souvent favorable

•Question clé en prénatal: association avec STB ? 

•IMG recevable si STB

•Nouveauté: traitement par immunosuppresseur 
en cas de tumeur obstructive symptomatique non 
accessible à la chirurgie
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Tératome (15-20%)
•Diagnostic anténatal ou précoce en postnatal
•Le plus souvent péricardique, parfois intracardiaque
•Dysembryome tridermique développé à partir de 
l’adventice de l’aorte initiale
•Tumeur unique polykystique développée dans la 
partie supérieure, antérieure et droite du sac 
péricardique



Tératome
•Epanchement péricardique important avec détresse 
néonatale (tamponnade, insuffisance cardiaque, 
compression pulmonaire)

•ETT: épanchement péricardique, masse échogène 
antéro-droite inhomogène, compression des cavités 
droites et gros vaisseaux

•Traitement:
•ponction péricardique

•Indication à une exérèse chirurgicale



Tératome intracardiaque

T2 T3T2 T3

tumor shape was irregular but mostly
round or oval, estimate of size was
obtained by measuring orthogonal
maximum length and maximum width
and calculating the area of an ellipse
[area (cm2) ¼ 3.14 " 1/2 maximum
long axis diameter " 1/2 maximum
short axis diameter].

Doppler echocardiography was per-
formed and tracings were obtained in the
ductus venosus (DV) and umbilical vein
(UV) as measures reflecting impediment
to forward venous flow. Abnormal DV
flow patternwas defined as near absent or
reversed flow with atrial contraction;
abnormal UV flow patternwas defined as
presence of venous pulsations.12 Cardiac

output was estimated for right and left
ventricle by pulsed-wave Doppler inter-
rogation across the pulmonic and aortic
valves, respectively, using the formula:
flow¼ [3.14" semilunar valve radius2"
velocity-time integral " heart rate]/esti-
mated weight in kilograms. Normal
combined right and left cardiac output in
the fetus is 400-500 mL/kg/min.13

Quantitative data are described as
range (median) values. Pearson correla-
tion coefficient was used to assess rela-
tionship of tumor size to cardiac output.

Results
From 2009 through 2015, 8 cases of
suspected fetal intrapericardial teratoma

were identified (Table). Gestational age at
initial presentation ranged from 21-34
(median 26) weeks. Serial fetal evalua-
tions with #2 assessments were made
in 5 patients; only 1 evaluation was per-
formed in each of 3 patients (cases 2, 7, 8)
presenting with severe hydrops.

All cases had moderate to large
circumferential pericardial effusion at
initial presentation. In 7 cases, tumor
mass appeared to compress the right
atrium and impair filling of the right
ventricle. In one (case 5), the tumor
appeared to arise from the pericardium
adjacent to the left atrium, extending
leftward and cephalad into the upper
mediastinum. Pathology diagnosis
confirmed mature teratoma with multi-
ple germinal cell lines in 6 of 8 patients.
The masses in cases 5 and 6 mimicked
the fetal echocardiographic appearance
of intrapericardial teratoma by exhibit-
ing characteristics of irregular shape, and
heterogeneous echotexture, however on
postnatal pathology were determined to
be an ascending aortic teratoma and an
intracardiac atrial hemangioma,
respectively.

Clinical course, management
strategies, and outcomes
Case 1 presented at 22 weeks’ gestation
in a 27-year-old woman with morbid
obesity, hypertension, and gestational
diabetes. A rapidly progressive increase
in tumor size was noted, with a large
cystic component. At 26 weeks’ gesta-
tion, fetal pericardiocentesis was per-
formed and 4 mL of serous fluid
removed. Tumor growth continued un-
abated, with onset of hydrops at 28
weeks and fetal demise at 30 weeks
(Figure 1).

Case 2 presented in a 31-year-old
woman at 31 weeks’ gestation with a
large tumor, ascites, and hydrops. Judg-
ment favored delivery as opposed to
continued fetal management. Due to
concerns about circulatory instability
during transition from fetal to postnatal
life, an ex utero intrapartum therapy
(EXIT) delivery was undertaken.14 The
fetal head and chest were partially
delivered through a uterine hysterotomy.
While still maintained on uteroplacental
support, median sternotomy was

FIGURE 1
Pathology of giant intrapericardial teratoma

A, Intra-pericardial teratoma (PT) following fetal demise (case 1). Tumor has grown to>3 times size
of heart (H). Note rightward location of mass. B, Tumor is transected and displays heterogeneity in
tissue makeup and texture typical for teratoma.
DAo, descending aorta; IVC, inferior vena cava.

Rychik et al. Fetal intrapericardial teratoma: natural history and management. Am J Obstet Gynecol 2016.

FIGURE 2
Fetal surgery at 24 weeks gestation

Fetal surgery median sternotomy (case 4). A, Fetal arms (large open arrows) and chest are brought
through maternal hysterotomy (yellow arrows) for exposure. B, Intrapericardial teratoma (arrow) is
gently pulled away from heart and resected. (See Supplemental Video of fetal surgery and tumor
resection.)
Rychik et al. Fetal intrapericardial teratoma: natural history and management. Am J Obstet Gynecol 2016.
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Exceptionnel: Traitement in utero
• Case reports: exérèse du tératome par chirurgie fœtale en cas 
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• Chirurgie techniquement réussie mais décès car persistance 

de l’anasarque malgré la résection, 2 succès (Rychik)
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tumor shape was irregular but mostly
round or oval, estimate of size was
obtained by measuring orthogonal
maximum length and maximum width
and calculating the area of an ellipse
[area (cm2) ¼ 3.14 " 1/2 maximum
long axis diameter " 1/2 maximum
short axis diameter].
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Results
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tions with #2 assessments were made
in 5 patients; only 1 evaluation was per-
formed in each of 3 patients (cases 2, 7, 8)
presenting with severe hydrops.

All cases had moderate to large
circumferential pericardial effusion at
initial presentation. In 7 cases, tumor
mass appeared to compress the right
atrium and impair filling of the right
ventricle. In one (case 5), the tumor
appeared to arise from the pericardium
adjacent to the left atrium, extending
leftward and cephalad into the upper
mediastinum. Pathology diagnosis
confirmed mature teratoma with multi-
ple germinal cell lines in 6 of 8 patients.
The masses in cases 5 and 6 mimicked
the fetal echocardiographic appearance
of intrapericardial teratoma by exhibit-
ing characteristics of irregular shape, and
heterogeneous echotexture, however on
postnatal pathology were determined to
be an ascending aortic teratoma and an
intracardiac atrial hemangioma,
respectively.

Clinical course, management
strategies, and outcomes
Case 1 presented at 22 weeks’ gestation
in a 27-year-old woman with morbid
obesity, hypertension, and gestational
diabetes. A rapidly progressive increase
in tumor size was noted, with a large
cystic component. At 26 weeks’ gesta-
tion, fetal pericardiocentesis was per-
formed and 4 mL of serous fluid
removed. Tumor growth continued un-
abated, with onset of hydrops at 28
weeks and fetal demise at 30 weeks
(Figure 1).

Case 2 presented in a 31-year-old
woman at 31 weeks’ gestation with a
large tumor, ascites, and hydrops. Judg-
ment favored delivery as opposed to
continued fetal management. Due to
concerns about circulatory instability
during transition from fetal to postnatal
life, an ex utero intrapartum therapy
(EXIT) delivery was undertaken.14 The
fetal head and chest were partially
delivered through a uterine hysterotomy.
While still maintained on uteroplacental
support, median sternotomy was
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A, Intra-pericardial teratoma (PT) following fetal demise (case 1). Tumor has grown to>3 times size
of heart (H). Note rightward location of mass. B, Tumor is transected and displays heterogeneity in
tissue makeup and texture typical for teratoma.
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Fetal surgery at 24 weeks gestation

Fetal surgery median sternotomy (case 4). A, Fetal arms (large open arrows) and chest are brought
through maternal hysterotomy (yellow arrows) for exposure. B, Intrapericardial teratoma (arrow) is
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and calculating the area of an ellipse
[area (cm2) ¼ 3.14 " 1/2 maximum
long axis diameter " 1/2 maximum
short axis diameter].
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formed and tracings were obtained in the
ductus venosus (DV) and umbilical vein
(UV) as measures reflecting impediment
to forward venous flow. Abnormal DV
flow patternwas defined as near absent or
reversed flow with atrial contraction;
abnormal UV flow patternwas defined as
presence of venous pulsations.12 Cardiac

output was estimated for right and left
ventricle by pulsed-wave Doppler inter-
rogation across the pulmonic and aortic
valves, respectively, using the formula:
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velocity-time integral " heart rate]/esti-
mated weight in kilograms. Normal
combined right and left cardiac output in
the fetus is 400-500 mL/kg/min.13

Quantitative data are described as
range (median) values. Pearson correla-
tion coefficient was used to assess rela-
tionship of tumor size to cardiac output.

Results
From 2009 through 2015, 8 cases of
suspected fetal intrapericardial teratoma

were identified (Table). Gestational age at
initial presentation ranged from 21-34
(median 26) weeks. Serial fetal evalua-
tions with #2 assessments were made
in 5 patients; only 1 evaluation was per-
formed in each of 3 patients (cases 2, 7, 8)
presenting with severe hydrops.

All cases had moderate to large
circumferential pericardial effusion at
initial presentation. In 7 cases, tumor
mass appeared to compress the right
atrium and impair filling of the right
ventricle. In one (case 5), the tumor
appeared to arise from the pericardium
adjacent to the left atrium, extending
leftward and cephalad into the upper
mediastinum. Pathology diagnosis
confirmed mature teratoma with multi-
ple germinal cell lines in 6 of 8 patients.
The masses in cases 5 and 6 mimicked
the fetal echocardiographic appearance
of intrapericardial teratoma by exhibit-
ing characteristics of irregular shape, and
heterogeneous echotexture, however on
postnatal pathology were determined to
be an ascending aortic teratoma and an
intracardiac atrial hemangioma,
respectively.

Clinical course, management
strategies, and outcomes
Case 1 presented at 22 weeks’ gestation
in a 27-year-old woman with morbid
obesity, hypertension, and gestational
diabetes. A rapidly progressive increase
in tumor size was noted, with a large
cystic component. At 26 weeks’ gesta-
tion, fetal pericardiocentesis was per-
formed and 4 mL of serous fluid
removed. Tumor growth continued un-
abated, with onset of hydrops at 28
weeks and fetal demise at 30 weeks
(Figure 1).

Case 2 presented in a 31-year-old
woman at 31 weeks’ gestation with a
large tumor, ascites, and hydrops. Judg-
ment favored delivery as opposed to
continued fetal management. Due to
concerns about circulatory instability
during transition from fetal to postnatal
life, an ex utero intrapartum therapy
(EXIT) delivery was undertaken.14 The
fetal head and chest were partially
delivered through a uterine hysterotomy.
While still maintained on uteroplacental
support, median sternotomy was
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A, Intra-pericardial teratoma (PT) following fetal demise (case 1). Tumor has grown to>3 times size
of heart (H). Note rightward location of mass. B, Tumor is transected and displays heterogeneity in
tissue makeup and texture typical for teratoma.
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Cardiac Tumors in Pediatric Patients:
A Systematic Review
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Abstract
This systematic review sought to investigate the current evidence regarding surgical management of primary cardiac tumors in
children and adolescents. Twenty-eight studies were deemed eligible, reporting on 745 pediatric patients. Rhabdomyoma was the
most prevalent histologic type and echocardiography was the most common diagnostic tool. Cumulative 30-day mortality rate
was 6.7%. Rhabdomyomas and teratomas had the highest 30-day mortality. The higher percentage of tumor relapse was noted for
myxoma and teratoma. Although cardiac tumors are rare, their atypical clinical presentation, potential for recurrence, and the
poor prognosis associated with recurrence elucidate the need for reliable diagnostic and therapeutic management.
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Introduction

Primary cardiac tumors are extremely rare in children, with an
incidence rate of 0.027% to 0.08% in pediatric autopsies. The
majority of these tumors are benign, with rhabdomyoma being
the most prevalent histologic type, followed by fibroma and
teratoma.1 Nevertheless, approximately 10% of pediatric car-
diac tumors are malignant, with sarcomas constituting the most
common primary cardiac malignancy in children. Patients pres-
ent with a variety of nonspecific symptoms, which make the
diagnosis challenging.2 When diagnosed with a malignant car-
diac tumor, the prognosis is often poor due to the presence of
metastasis. Interestingly, due to the enhancement and increased
use of noninvasive imaging modalities, an increase in the inci-
dence of pediatric cardiac tumors has been reported in the last
decades.3–5

The aim of this systematic review was to perform for the
first time an in-depth literature search and summarize all avail-
able evidence on the epidemiology, presentation, and surgical
management of pediatric cardiac tumors.

Methods

Search Strategy and Eligibility of the Studies

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta Analyses guidelines and in line with the protocol

agreed by all authors. Eligible articles were identified by
a thorough search of PubMed/MEDLINE and Cochrane bib-
liographical databases extending from August 1983 to April
2016 (last search: October 1, 2016). Two investigators (A.T.
and I.P.D.) working independently executed the literature
search using the following MeSH terms: (cardiac tumors
OR cardiac rhabdomyoma OR cardiac fibroma OR cardiac
myxoma OR cardiac teratoma OR cardiac sarcoma) AND
(pediatrics OR children OR infants OR newborns OR adoles-
cents). A manual search of additional articles was conducted
using references from relevant articles and review papers. Any
discrepancies were resolved by consensus agreement between
the two investigators.

In this systematic review, original articles written in English
reporting on more than one patient with cardiac tumor treated
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symptoms can be present; thus, a high level of clinical suspi-
cion should be maintained.17 In our study, only the minority of
patients were asymptomatic; the two more commonly reported
symptoms were dyspnea and chest pain. A heart murmur was
noted during physical examination in almost a third of the
patients, while arrhythmias were documented in 14.9 % of
cases. In literature, the highest incidence of cardiac arrhyth-
mias, especially ventricular tachycardia, is reported in patients
with fibromas, who are prone to sudden cardiac arrest.14 On the
other hand, patients with rhabdomyomas can exhibit preexcita-
tion rhythm disorders.14 Given the increased use of

Table 3. Tumor Size and Location.

Tumor size, cm, (n ¼ 91)
Mean 3.19
Range 0.18-6

Tumor location, % (n/total patients)
Pericardium 7.8 (23/292)
RA 15.4 (39/252)
RV 18.8 (55/292)
RVOT 5.4 (16/292)
IVS 3.1 (8/252)
LA 11.9 (30/252)
LV 14.1 (50/354)
LVOT 4.2 (12/281)
RV/LV 2.8 (8/281)
RA/LA 1.9 (5/263)
MV 5.1 (14/274)
TV 2.1 (6/274)

Histology, % (n/total tumors)
Benign, 82.5 (284/344))

Rhabdomyoma 33.1 (114/344)
Fibroma 17.7 (61/344)
Teratoma 8.4 (29/344)
Myxoma 17.7 (61/344)
Hemangioma 4.3 (15/344)
Lymphangioma 1.1 (4/344)

Malignant, 3.77 (13/344)
Non-Hodgkin 0.5 (2/344)
Sarcoma 3.1 (11/344)

Other,a 13.6 (47/344)
Tumor resection, % (n/total tumors)

En bloc resection 60.6 (191/315)
Partial resection 16.8 (53/315)

Abbreviations: IVS, interventricular septum; LA, left atrium; LV, left ventricle;
LVOT, left ventricular outflow tract; MV, mitral valve; RA, right atrium; RV,
right ventricle; RVOT, right ventricular outflow tract; TV, tricuspid valve.
aOther tumors include one cyst, one fibroelastoma, one leiomyoma, one
neurogenic tumor, one Castleman disease, one neuroblastoma, one fibrous
histiocytoma, ten inflammatory myofibroblastic tumors, one lipoma, one septal
cyst, and 28 other nondefined tumors.

Figure 3. Mortality rate for the (A) most common benign tumors and
for (B) benign and malignant tumors cumulatively.

Table 4. Postoperative Complications.

Complications, % (n/Total Patients)
Arrhythmias 8.4 (27/320)
HF 5.4 (16/293)
LCOS 3.6 (9/247)
Reoperation 3.5 (11/309)
Pericardial effusion 2.3 (6/258)
Mitral regurgitation 2.9 (9/309)
Infection 3.2 (8/247)
DVT 0.6 (2/320)
Bleeding 0.4 (1/247)
Atelectasis 0.4 (1/247)
Pleural effusion 2.3 (6/258)
Phrenic nerve injury 0.3 (1/309)
Othera 0.8 (2/242)

Abbreviations: DVT, deep vein thrombosis; HF, heart failure; LCOS, low
cardiac output syndrome.
aOther complications include one right hemiparesis and one
pseudoaneurysm.

Table 5. Tumor Recurrence, Follow-Up, and Freedom From
Reoperation for the Most Common Benign Tumors and Malignancies.

n

Tumor
Recurrence,

% (n)

Mean
Follow-Up,

years

Freedom
From

Reoperation, %

Benign 284 3.1 (9) – 100
Rhabdomyoma 114 2.6 (3) 5.9 –
Fibroma 61 1.6 (1) 6.2 –
Teratoma 29 3.4 (1) 8.5 –
Myxoma 61 4.9 (3) 7.97 –
Malignant 13 46.1 (6) 4.6 50
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Abbreviations and Acronyms

ASD atrial septal defect
CT computed tomography
ICU intensive care unit
LCOS low cardiac output syndrome
MRI magnetic resonance imaging
MV mechanic ventilation
PDA patent ductus arteriosus
U/S ultrasound

with surgery before adulthood (age <19 years) were included.
Studies referring solely to diagnostic means of cardiac tumors
in pediatric patients as well as those reporting on mixed pedia-
tric–adult population were excluded.

Study Selection

All studies from large registries or known databases were
deemed ineligible, due to overlapping with some of the
nonpopulation-based studies.

Data Extraction

Data regarding study design, country of origin, study time
frame, number of nonadult patients with cardiac tumors, and
number of those who underwent surgical excision were
extracted from each eligible study. Additionally, patient
demographics (gender, age, weight) and history of tuberous
sclerosis were noted. Tumor characteristics such as tumor
size and location, tumor behavior (benign or malignant),
histological subtype (such as rhabdomyoma, fibroma, sar-
coma), mode of preoperative imaging investigation (eg,
ultrasound [U/S], computed tomography [CT], angiogra-
phy), coexisting lesions (including but not limited to atrial
septal defect [ASD], patent ductus arteriosus [PDA]), and
clinical presentation (eg, dyspnea, chest pain, cyanosis)
were collected and tabulated. Operative characteristics such
as indication for surgery, mechanic ventilation (MV) time,
intensive care unit (ICU) stay, administration of adjuvant
chemotherapy, and postoperative complications (eg, bleed-
ing, infection, heart failure [HF] and pleural effusion) were
marked. Follow-up data on tumor recurrence, duration of
follow-up, mortality, tumor-specific survival, and
reoperation-free period were also extracted. Early mortality
was defined as the mortality rate in the first 30 days after
the operation, whereas long-term mortality referred to a
period over 30 days after surgery.

Statistical Analysis

Outcome measures of eligible studies were tabulated and then
analyzed cumulatively. A purely descriptive approach was
adopted.

Results

Article Selection and Study Demographics

A total of 255 articles were identified through literature search.
The trial flow diagram of the systematic review is depicted in
Figure 1. In total, 28 studies published between 1983 and 2016
from ten different countries met the inclusion criteria and
reported on 745 pediatric patients with cardiac tumors, of
which 371 underwent surgical treatment. Cumulative study
characteristics and patient demographics are summarized in
Table 1. All studies were retrospective in nature. Seven origi-
nated from Europe, ten from Asia/Oceania, and ten from North
America. Data from large registries and databases were
deemed ineligible due to overlapping but are summarized in
Supplemental Table 1.

Mean patient age at the time of surgery was 5.33 years
(range, <1-20 years) and 50% were male (110/220), while
24.7% of the patients were younger than one year (60/243).
Mean patient age at diagnosis was 2.66 years, while 17.4%
of the patients were diagnosed prenatally (35/201). Histolo-
gic distribution stratified by patient age can be reviewed in
Figure 2.

Major Comorbidities and Clinical Assessment

Approximately one of ten patients (20/167) had a documented
diagnosis of tuberous sclerosis, while one of five had a family
history notable for tuberous sclerosis (5/24). The most common
coexisting lesion documented was ventral septal defect (10.4%,
14/134), followed by ASD and PDA in 9.7% (23/247) and 8.5%
(12/141) of the cases, respectively. Dyspnea (14.2%, 40/282)
and cyanosis (6.9%, 20/290) were the most common presenting
clinical symptoms reported in reviewed studies. Of note, 7.2%
(19/262) of the patients presented without clinical symptoma-
tology. Physical and paraclinical examination revealed heart
murmur, congestive HF, and arrhythmias in 28.9% (85/294),
19.1% (54/282), and 14.9% (53/355) of patients, respectively.
The majority of the preinterventional diagnoses were made
with the use of U/S (77%, 238/309). Data regarding physical
examination findings and tumor diagnosis are summarized in
Table 2.

Tumor Characteristics

Tumor characteristics are summarized in Table 3. Mean tumor
size was 3.19 cm (range, 0.18-6 cm). Lesions most commonly
arose from the right ventricle (19%, 55/292), followed by the
left ventricle and left atrium (14.1%, 50/354 and 11.9%, 30/
252, respectively). Of the 344 tumors, 284 (82.6%) were
benign and 13 (3.8%) were malignant, and for 47 (13.6%)
cases, no information was available on the behavior of the
tumor. Rhabdomyoma was the most prevalent benign tumor
(114/284, 50.7%), followed by myxoma (61/284, 21.5%) and
fibroma (61/284, 21.5%). The vast majority of malignant
tumors were sarcomas 11 of 13 (84.6%), with only two cases
of extranodal non-Hodgkin lymphoma being documented.

Tzani et al 6252017

N= 745 dont 371 opérés



symptoms can be present; thus, a high level of clinical suspi-
cion should be maintained.17 In our study, only the minority of
patients were asymptomatic; the two more commonly reported
symptoms were dyspnea and chest pain. A heart murmur was
noted during physical examination in almost a third of the
patients, while arrhythmias were documented in 14.9 % of
cases. In literature, the highest incidence of cardiac arrhyth-
mias, especially ventricular tachycardia, is reported in patients
with fibromas, who are prone to sudden cardiac arrest.14 On the
other hand, patients with rhabdomyomas can exhibit preexcita-
tion rhythm disorders.14 Given the increased use of

Table 3. Tumor Size and Location.

Tumor size, cm, (n ¼ 91)
Mean 3.19
Range 0.18-6

Tumor location, % (n/total patients)
Pericardium 7.8 (23/292)
RA 15.4 (39/252)
RV 18.8 (55/292)
RVOT 5.4 (16/292)
IVS 3.1 (8/252)
LA 11.9 (30/252)
LV 14.1 (50/354)
LVOT 4.2 (12/281)
RV/LV 2.8 (8/281)
RA/LA 1.9 (5/263)
MV 5.1 (14/274)
TV 2.1 (6/274)

Histology, % (n/total tumors)
Benign, 82.5 (284/344))

Rhabdomyoma 33.1 (114/344)
Fibroma 17.7 (61/344)
Teratoma 8.4 (29/344)
Myxoma 17.7 (61/344)
Hemangioma 4.3 (15/344)
Lymphangioma 1.1 (4/344)

Malignant, 3.77 (13/344)
Non-Hodgkin 0.5 (2/344)
Sarcoma 3.1 (11/344)

Other,a 13.6 (47/344)
Tumor resection, % (n/total tumors)

En bloc resection 60.6 (191/315)
Partial resection 16.8 (53/315)

Abbreviations: IVS, interventricular septum; LA, left atrium; LV, left ventricle;
LVOT, left ventricular outflow tract; MV, mitral valve; RA, right atrium; RV,
right ventricle; RVOT, right ventricular outflow tract; TV, tricuspid valve.
aOther tumors include one cyst, one fibroelastoma, one leiomyoma, one
neurogenic tumor, one Castleman disease, one neuroblastoma, one fibrous
histiocytoma, ten inflammatory myofibroblastic tumors, one lipoma, one septal
cyst, and 28 other nondefined tumors.

Figure 3. Mortality rate for the (A) most common benign tumors and
for (B) benign and malignant tumors cumulatively.

Table 4. Postoperative Complications.

Complications, % (n/Total Patients)
Arrhythmias 8.4 (27/320)
HF 5.4 (16/293)
LCOS 3.6 (9/247)
Reoperation 3.5 (11/309)
Pericardial effusion 2.3 (6/258)
Mitral regurgitation 2.9 (9/309)
Infection 3.2 (8/247)
DVT 0.6 (2/320)
Bleeding 0.4 (1/247)
Atelectasis 0.4 (1/247)
Pleural effusion 2.3 (6/258)
Phrenic nerve injury 0.3 (1/309)
Othera 0.8 (2/242)

Abbreviations: DVT, deep vein thrombosis; HF, heart failure; LCOS, low
cardiac output syndrome.
aOther complications include one right hemiparesis and one
pseudoaneurysm.

Table 5. Tumor Recurrence, Follow-Up, and Freedom From
Reoperation for the Most Common Benign Tumors and Malignancies.

n

Tumor
Recurrence,

% (n)

Mean
Follow-Up,

years

Freedom
From

Reoperation, %

Benign 284 3.1 (9) – 100
Rhabdomyoma 114 2.6 (3) 5.9 –
Fibroma 61 1.6 (1) 6.2 –
Teratoma 29 3.4 (1) 8.5 –
Myxoma 61 4.9 (3) 7.97 –
Malignant 13 46.1 (6) 4.6 50
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Introduction

Primary cardiac tumors are extremely rare in children, with an
incidence rate of 0.027% to 0.08% in pediatric autopsies. The
majority of these tumors are benign, with rhabdomyoma being
the most prevalent histologic type, followed by fibroma and
teratoma.1 Nevertheless, approximately 10% of pediatric car-
diac tumors are malignant, with sarcomas constituting the most
common primary cardiac malignancy in children. Patients pres-
ent with a variety of nonspecific symptoms, which make the
diagnosis challenging.2 When diagnosed with a malignant car-
diac tumor, the prognosis is often poor due to the presence of
metastasis. Interestingly, due to the enhancement and increased
use of noninvasive imaging modalities, an increase in the inci-
dence of pediatric cardiac tumors has been reported in the last
decades.3–5

The aim of this systematic review was to perform for the
first time an in-depth literature search and summarize all avail-
able evidence on the epidemiology, presentation, and surgical
management of pediatric cardiac tumors.

Methods

Search Strategy and Eligibility of the Studies

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta Analyses guidelines and in line with the protocol

agreed by all authors. Eligible articles were identified by
a thorough search of PubMed/MEDLINE and Cochrane bib-
liographical databases extending from August 1983 to April
2016 (last search: October 1, 2016). Two investigators (A.T.
and I.P.D.) working independently executed the literature
search using the following MeSH terms: (cardiac tumors
OR cardiac rhabdomyoma OR cardiac fibroma OR cardiac
myxoma OR cardiac teratoma OR cardiac sarcoma) AND
(pediatrics OR children OR infants OR newborns OR adoles-
cents). A manual search of additional articles was conducted
using references from relevant articles and review papers. Any
discrepancies were resolved by consensus agreement between
the two investigators.

In this systematic review, original articles written in English
reporting on more than one patient with cardiac tumor treated
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ASD atrial septal defect
CT computed tomography
ICU intensive care unit
LCOS low cardiac output syndrome
MRI magnetic resonance imaging
MV mechanic ventilation
PDA patent ductus arteriosus
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with surgery before adulthood (age <19 years) were included.
Studies referring solely to diagnostic means of cardiac tumors
in pediatric patients as well as those reporting on mixed pedia-
tric–adult population were excluded.

Study Selection

All studies from large registries or known databases were
deemed ineligible, due to overlapping with some of the
nonpopulation-based studies.

Data Extraction

Data regarding study design, country of origin, study time
frame, number of nonadult patients with cardiac tumors, and
number of those who underwent surgical excision were
extracted from each eligible study. Additionally, patient
demographics (gender, age, weight) and history of tuberous
sclerosis were noted. Tumor characteristics such as tumor
size and location, tumor behavior (benign or malignant),
histological subtype (such as rhabdomyoma, fibroma, sar-
coma), mode of preoperative imaging investigation (eg,
ultrasound [U/S], computed tomography [CT], angiogra-
phy), coexisting lesions (including but not limited to atrial
septal defect [ASD], patent ductus arteriosus [PDA]), and
clinical presentation (eg, dyspnea, chest pain, cyanosis)
were collected and tabulated. Operative characteristics such
as indication for surgery, mechanic ventilation (MV) time,
intensive care unit (ICU) stay, administration of adjuvant
chemotherapy, and postoperative complications (eg, bleed-
ing, infection, heart failure [HF] and pleural effusion) were
marked. Follow-up data on tumor recurrence, duration of
follow-up, mortality, tumor-specific survival, and
reoperation-free period were also extracted. Early mortality
was defined as the mortality rate in the first 30 days after
the operation, whereas long-term mortality referred to a
period over 30 days after surgery.

Statistical Analysis

Outcome measures of eligible studies were tabulated and then
analyzed cumulatively. A purely descriptive approach was
adopted.

Results

Article Selection and Study Demographics

A total of 255 articles were identified through literature search.
The trial flow diagram of the systematic review is depicted in
Figure 1. In total, 28 studies published between 1983 and 2016
from ten different countries met the inclusion criteria and
reported on 745 pediatric patients with cardiac tumors, of
which 371 underwent surgical treatment. Cumulative study
characteristics and patient demographics are summarized in
Table 1. All studies were retrospective in nature. Seven origi-
nated from Europe, ten from Asia/Oceania, and ten from North
America. Data from large registries and databases were
deemed ineligible due to overlapping but are summarized in
Supplemental Table 1.

Mean patient age at the time of surgery was 5.33 years
(range, <1-20 years) and 50% were male (110/220), while
24.7% of the patients were younger than one year (60/243).
Mean patient age at diagnosis was 2.66 years, while 17.4%
of the patients were diagnosed prenatally (35/201). Histolo-
gic distribution stratified by patient age can be reviewed in
Figure 2.

Major Comorbidities and Clinical Assessment

Approximately one of ten patients (20/167) had a documented
diagnosis of tuberous sclerosis, while one of five had a family
history notable for tuberous sclerosis (5/24). The most common
coexisting lesion documented was ventral septal defect (10.4%,
14/134), followed by ASD and PDA in 9.7% (23/247) and 8.5%
(12/141) of the cases, respectively. Dyspnea (14.2%, 40/282)
and cyanosis (6.9%, 20/290) were the most common presenting
clinical symptoms reported in reviewed studies. Of note, 7.2%
(19/262) of the patients presented without clinical symptoma-
tology. Physical and paraclinical examination revealed heart
murmur, congestive HF, and arrhythmias in 28.9% (85/294),
19.1% (54/282), and 14.9% (53/355) of patients, respectively.
The majority of the preinterventional diagnoses were made
with the use of U/S (77%, 238/309). Data regarding physical
examination findings and tumor diagnosis are summarized in
Table 2.

Tumor Characteristics

Tumor characteristics are summarized in Table 3. Mean tumor
size was 3.19 cm (range, 0.18-6 cm). Lesions most commonly
arose from the right ventricle (19%, 55/292), followed by the
left ventricle and left atrium (14.1%, 50/354 and 11.9%, 30/
252, respectively). Of the 344 tumors, 284 (82.6%) were
benign and 13 (3.8%) were malignant, and for 47 (13.6%)
cases, no information was available on the behavior of the
tumor. Rhabdomyoma was the most prevalent benign tumor
(114/284, 50.7%), followed by myxoma (61/284, 21.5%) and
fibroma (61/284, 21.5%). The vast majority of malignant
tumors were sarcomas 11 of 13 (84.6%), with only two cases
of extranodal non-Hodgkin lymphoma being documented.
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Introduction

Primary cardiac tumors are extremely rare in children, with an
incidence rate of 0.027% to 0.08% in pediatric autopsies. The
majority of these tumors are benign, with rhabdomyoma being
the most prevalent histologic type, followed by fibroma and
teratoma.1 Nevertheless, approximately 10% of pediatric car-
diac tumors are malignant, with sarcomas constituting the most
common primary cardiac malignancy in children. Patients pres-
ent with a variety of nonspecific symptoms, which make the
diagnosis challenging.2 When diagnosed with a malignant car-
diac tumor, the prognosis is often poor due to the presence of
metastasis. Interestingly, due to the enhancement and increased
use of noninvasive imaging modalities, an increase in the inci-
dence of pediatric cardiac tumors has been reported in the last
decades.3–5

The aim of this systematic review was to perform for the
first time an in-depth literature search and summarize all avail-
able evidence on the epidemiology, presentation, and surgical
management of pediatric cardiac tumors.

Methods

Search Strategy and Eligibility of the Studies

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta Analyses guidelines and in line with the protocol

agreed by all authors. Eligible articles were identified by
a thorough search of PubMed/MEDLINE and Cochrane bib-
liographical databases extending from August 1983 to April
2016 (last search: October 1, 2016). Two investigators (A.T.
and I.P.D.) working independently executed the literature
search using the following MeSH terms: (cardiac tumors
OR cardiac rhabdomyoma OR cardiac fibroma OR cardiac
myxoma OR cardiac teratoma OR cardiac sarcoma) AND
(pediatrics OR children OR infants OR newborns OR adoles-
cents). A manual search of additional articles was conducted
using references from relevant articles and review papers. Any
discrepancies were resolved by consensus agreement between
the two investigators.

In this systematic review, original articles written in English
reporting on more than one patient with cardiac tumor treated
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symptoms can be present; thus, a high level of clinical suspi-
cion should be maintained.17 In our study, only the minority of
patients were asymptomatic; the two more commonly reported
symptoms were dyspnea and chest pain. A heart murmur was
noted during physical examination in almost a third of the
patients, while arrhythmias were documented in 14.9 % of
cases. In literature, the highest incidence of cardiac arrhyth-
mias, especially ventricular tachycardia, is reported in patients
with fibromas, who are prone to sudden cardiac arrest.14 On the
other hand, patients with rhabdomyomas can exhibit preexcita-
tion rhythm disorders.14 Given the increased use of

Table 3. Tumor Size and Location.

Tumor size, cm, (n ¼ 91)
Mean 3.19
Range 0.18-6

Tumor location, % (n/total patients)
Pericardium 7.8 (23/292)
RA 15.4 (39/252)
RV 18.8 (55/292)
RVOT 5.4 (16/292)
IVS 3.1 (8/252)
LA 11.9 (30/252)
LV 14.1 (50/354)
LVOT 4.2 (12/281)
RV/LV 2.8 (8/281)
RA/LA 1.9 (5/263)
MV 5.1 (14/274)
TV 2.1 (6/274)

Histology, % (n/total tumors)
Benign, 82.5 (284/344))

Rhabdomyoma 33.1 (114/344)
Fibroma 17.7 (61/344)
Teratoma 8.4 (29/344)
Myxoma 17.7 (61/344)
Hemangioma 4.3 (15/344)
Lymphangioma 1.1 (4/344)

Malignant, 3.77 (13/344)
Non-Hodgkin 0.5 (2/344)
Sarcoma 3.1 (11/344)

Other,a 13.6 (47/344)
Tumor resection, % (n/total tumors)

En bloc resection 60.6 (191/315)
Partial resection 16.8 (53/315)

Abbreviations: IVS, interventricular septum; LA, left atrium; LV, left ventricle;
LVOT, left ventricular outflow tract; MV, mitral valve; RA, right atrium; RV,
right ventricle; RVOT, right ventricular outflow tract; TV, tricuspid valve.
aOther tumors include one cyst, one fibroelastoma, one leiomyoma, one
neurogenic tumor, one Castleman disease, one neuroblastoma, one fibrous
histiocytoma, ten inflammatory myofibroblastic tumors, one lipoma, one septal
cyst, and 28 other nondefined tumors.

Figure 3. Mortality rate for the (A) most common benign tumors and
for (B) benign and malignant tumors cumulatively.

Table 4. Postoperative Complications.

Complications, % (n/Total Patients)
Arrhythmias 8.4 (27/320)
HF 5.4 (16/293)
LCOS 3.6 (9/247)
Reoperation 3.5 (11/309)
Pericardial effusion 2.3 (6/258)
Mitral regurgitation 2.9 (9/309)
Infection 3.2 (8/247)
DVT 0.6 (2/320)
Bleeding 0.4 (1/247)
Atelectasis 0.4 (1/247)
Pleural effusion 2.3 (6/258)
Phrenic nerve injury 0.3 (1/309)
Othera 0.8 (2/242)

Abbreviations: DVT, deep vein thrombosis; HF, heart failure; LCOS, low
cardiac output syndrome.
aOther complications include one right hemiparesis and one
pseudoaneurysm.

Table 5. Tumor Recurrence, Follow-Up, and Freedom From
Reoperation for the Most Common Benign Tumors and Malignancies.

n

Tumor
Recurrence,

% (n)

Mean
Follow-Up,

years

Freedom
From

Reoperation, %

Benign 284 3.1 (9) – 100
Rhabdomyoma 114 2.6 (3) 5.9 –
Fibroma 61 1.6 (1) 6.2 –
Teratoma 29 3.4 (1) 8.5 –
Myxoma 61 4.9 (3) 7.97 –
Malignant 13 46.1 (6) 4.6 50
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with surgery before adulthood (age <19 years) were included.
Studies referring solely to diagnostic means of cardiac tumors
in pediatric patients as well as those reporting on mixed pedia-
tric–adult population were excluded.

Study Selection

All studies from large registries or known databases were
deemed ineligible, due to overlapping with some of the
nonpopulation-based studies.

Data Extraction

Data regarding study design, country of origin, study time
frame, number of nonadult patients with cardiac tumors, and
number of those who underwent surgical excision were
extracted from each eligible study. Additionally, patient
demographics (gender, age, weight) and history of tuberous
sclerosis were noted. Tumor characteristics such as tumor
size and location, tumor behavior (benign or malignant),
histological subtype (such as rhabdomyoma, fibroma, sar-
coma), mode of preoperative imaging investigation (eg,
ultrasound [U/S], computed tomography [CT], angiogra-
phy), coexisting lesions (including but not limited to atrial
septal defect [ASD], patent ductus arteriosus [PDA]), and
clinical presentation (eg, dyspnea, chest pain, cyanosis)
were collected and tabulated. Operative characteristics such
as indication for surgery, mechanic ventilation (MV) time,
intensive care unit (ICU) stay, administration of adjuvant
chemotherapy, and postoperative complications (eg, bleed-
ing, infection, heart failure [HF] and pleural effusion) were
marked. Follow-up data on tumor recurrence, duration of
follow-up, mortality, tumor-specific survival, and
reoperation-free period were also extracted. Early mortality
was defined as the mortality rate in the first 30 days after
the operation, whereas long-term mortality referred to a
period over 30 days after surgery.

Statistical Analysis

Outcome measures of eligible studies were tabulated and then
analyzed cumulatively. A purely descriptive approach was
adopted.

Results

Article Selection and Study Demographics

A total of 255 articles were identified through literature search.
The trial flow diagram of the systematic review is depicted in
Figure 1. In total, 28 studies published between 1983 and 2016
from ten different countries met the inclusion criteria and
reported on 745 pediatric patients with cardiac tumors, of
which 371 underwent surgical treatment. Cumulative study
characteristics and patient demographics are summarized in
Table 1. All studies were retrospective in nature. Seven origi-
nated from Europe, ten from Asia/Oceania, and ten from North
America. Data from large registries and databases were
deemed ineligible due to overlapping but are summarized in
Supplemental Table 1.

Mean patient age at the time of surgery was 5.33 years
(range, <1-20 years) and 50% were male (110/220), while
24.7% of the patients were younger than one year (60/243).
Mean patient age at diagnosis was 2.66 years, while 17.4%
of the patients were diagnosed prenatally (35/201). Histolo-
gic distribution stratified by patient age can be reviewed in
Figure 2.

Major Comorbidities and Clinical Assessment

Approximately one of ten patients (20/167) had a documented
diagnosis of tuberous sclerosis, while one of five had a family
history notable for tuberous sclerosis (5/24). The most common
coexisting lesion documented was ventral septal defect (10.4%,
14/134), followed by ASD and PDA in 9.7% (23/247) and 8.5%
(12/141) of the cases, respectively. Dyspnea (14.2%, 40/282)
and cyanosis (6.9%, 20/290) were the most common presenting
clinical symptoms reported in reviewed studies. Of note, 7.2%
(19/262) of the patients presented without clinical symptoma-
tology. Physical and paraclinical examination revealed heart
murmur, congestive HF, and arrhythmias in 28.9% (85/294),
19.1% (54/282), and 14.9% (53/355) of patients, respectively.
The majority of the preinterventional diagnoses were made
with the use of U/S (77%, 238/309). Data regarding physical
examination findings and tumor diagnosis are summarized in
Table 2.

Tumor Characteristics

Tumor characteristics are summarized in Table 3. Mean tumor
size was 3.19 cm (range, 0.18-6 cm). Lesions most commonly
arose from the right ventricle (19%, 55/292), followed by the
left ventricle and left atrium (14.1%, 50/354 and 11.9%, 30/
252, respectively). Of the 344 tumors, 284 (82.6%) were
benign and 13 (3.8%) were malignant, and for 47 (13.6%)
cases, no information was available on the behavior of the
tumor. Rhabdomyoma was the most prevalent benign tumor
(114/284, 50.7%), followed by myxoma (61/284, 21.5%) and
fibroma (61/284, 21.5%). The vast majority of malignant
tumors were sarcomas 11 of 13 (84.6%), with only two cases
of extranodal non-Hodgkin lymphoma being documented.
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symptoms can be present; thus, a high level of clinical suspi-
cion should be maintained.17 In our study, only the minority of
patients were asymptomatic; the two more commonly reported
symptoms were dyspnea and chest pain. A heart murmur was
noted during physical examination in almost a third of the
patients, while arrhythmias were documented in 14.9 % of
cases. In literature, the highest incidence of cardiac arrhyth-
mias, especially ventricular tachycardia, is reported in patients
with fibromas, who are prone to sudden cardiac arrest.14 On the
other hand, patients with rhabdomyomas can exhibit preexcita-
tion rhythm disorders.14 Given the increased use of

Table 3. Tumor Size and Location.

Tumor size, cm, (n ¼ 91)
Mean 3.19
Range 0.18-6

Tumor location, % (n/total patients)
Pericardium 7.8 (23/292)
RA 15.4 (39/252)
RV 18.8 (55/292)
RVOT 5.4 (16/292)
IVS 3.1 (8/252)
LA 11.9 (30/252)
LV 14.1 (50/354)
LVOT 4.2 (12/281)
RV/LV 2.8 (8/281)
RA/LA 1.9 (5/263)
MV 5.1 (14/274)
TV 2.1 (6/274)

Histology, % (n/total tumors)
Benign, 82.5 (284/344))

Rhabdomyoma 33.1 (114/344)
Fibroma 17.7 (61/344)
Teratoma 8.4 (29/344)
Myxoma 17.7 (61/344)
Hemangioma 4.3 (15/344)
Lymphangioma 1.1 (4/344)

Malignant, 3.77 (13/344)
Non-Hodgkin 0.5 (2/344)
Sarcoma 3.1 (11/344)

Other,a 13.6 (47/344)
Tumor resection, % (n/total tumors)

En bloc resection 60.6 (191/315)
Partial resection 16.8 (53/315)

Abbreviations: IVS, interventricular septum; LA, left atrium; LV, left ventricle;
LVOT, left ventricular outflow tract; MV, mitral valve; RA, right atrium; RV,
right ventricle; RVOT, right ventricular outflow tract; TV, tricuspid valve.
aOther tumors include one cyst, one fibroelastoma, one leiomyoma, one
neurogenic tumor, one Castleman disease, one neuroblastoma, one fibrous
histiocytoma, ten inflammatory myofibroblastic tumors, one lipoma, one septal
cyst, and 28 other nondefined tumors.

Figure 3. Mortality rate for the (A) most common benign tumors and
for (B) benign and malignant tumors cumulatively.

Table 4. Postoperative Complications.

Complications, % (n/Total Patients)
Arrhythmias 8.4 (27/320)
HF 5.4 (16/293)
LCOS 3.6 (9/247)
Reoperation 3.5 (11/309)
Pericardial effusion 2.3 (6/258)
Mitral regurgitation 2.9 (9/309)
Infection 3.2 (8/247)
DVT 0.6 (2/320)
Bleeding 0.4 (1/247)
Atelectasis 0.4 (1/247)
Pleural effusion 2.3 (6/258)
Phrenic nerve injury 0.3 (1/309)
Othera 0.8 (2/242)

Abbreviations: DVT, deep vein thrombosis; HF, heart failure; LCOS, low
cardiac output syndrome.
aOther complications include one right hemiparesis and one
pseudoaneurysm.

Table 5. Tumor Recurrence, Follow-Up, and Freedom From
Reoperation for the Most Common Benign Tumors and Malignancies.

n

Tumor
Recurrence,

% (n)

Mean
Follow-Up,

years

Freedom
From

Reoperation, %

Benign 284 3.1 (9) – 100
Rhabdomyoma 114 2.6 (3) 5.9 –
Fibroma 61 1.6 (1) 6.2 –
Teratoma 29 3.4 (1) 8.5 –
Myxoma 61 4.9 (3) 7.97 –
Malignant 13 46.1 (6) 4.6 50
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Introduction

Primary cardiac tumors are extremely rare in children, with an
incidence rate of 0.027% to 0.08% in pediatric autopsies. The
majority of these tumors are benign, with rhabdomyoma being
the most prevalent histologic type, followed by fibroma and
teratoma.1 Nevertheless, approximately 10% of pediatric car-
diac tumors are malignant, with sarcomas constituting the most
common primary cardiac malignancy in children. Patients pres-
ent with a variety of nonspecific symptoms, which make the
diagnosis challenging.2 When diagnosed with a malignant car-
diac tumor, the prognosis is often poor due to the presence of
metastasis. Interestingly, due to the enhancement and increased
use of noninvasive imaging modalities, an increase in the inci-
dence of pediatric cardiac tumors has been reported in the last
decades.3–5

The aim of this systematic review was to perform for the
first time an in-depth literature search and summarize all avail-
able evidence on the epidemiology, presentation, and surgical
management of pediatric cardiac tumors.

Methods

Search Strategy and Eligibility of the Studies

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta Analyses guidelines and in line with the protocol

agreed by all authors. Eligible articles were identified by
a thorough search of PubMed/MEDLINE and Cochrane bib-
liographical databases extending from August 1983 to April
2016 (last search: October 1, 2016). Two investigators (A.T.
and I.P.D.) working independently executed the literature
search using the following MeSH terms: (cardiac tumors
OR cardiac rhabdomyoma OR cardiac fibroma OR cardiac
myxoma OR cardiac teratoma OR cardiac sarcoma) AND
(pediatrics OR children OR infants OR newborns OR adoles-
cents). A manual search of additional articles was conducted
using references from relevant articles and review papers. Any
discrepancies were resolved by consensus agreement between
the two investigators.

In this systematic review, original articles written in English
reporting on more than one patient with cardiac tumor treated
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CT computed tomography
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with surgery before adulthood (age <19 years) were included.
Studies referring solely to diagnostic means of cardiac tumors
in pediatric patients as well as those reporting on mixed pedia-
tric–adult population were excluded.

Study Selection

All studies from large registries or known databases were
deemed ineligible, due to overlapping with some of the
nonpopulation-based studies.

Data Extraction

Data regarding study design, country of origin, study time
frame, number of nonadult patients with cardiac tumors, and
number of those who underwent surgical excision were
extracted from each eligible study. Additionally, patient
demographics (gender, age, weight) and history of tuberous
sclerosis were noted. Tumor characteristics such as tumor
size and location, tumor behavior (benign or malignant),
histological subtype (such as rhabdomyoma, fibroma, sar-
coma), mode of preoperative imaging investigation (eg,
ultrasound [U/S], computed tomography [CT], angiogra-
phy), coexisting lesions (including but not limited to atrial
septal defect [ASD], patent ductus arteriosus [PDA]), and
clinical presentation (eg, dyspnea, chest pain, cyanosis)
were collected and tabulated. Operative characteristics such
as indication for surgery, mechanic ventilation (MV) time,
intensive care unit (ICU) stay, administration of adjuvant
chemotherapy, and postoperative complications (eg, bleed-
ing, infection, heart failure [HF] and pleural effusion) were
marked. Follow-up data on tumor recurrence, duration of
follow-up, mortality, tumor-specific survival, and
reoperation-free period were also extracted. Early mortality
was defined as the mortality rate in the first 30 days after
the operation, whereas long-term mortality referred to a
period over 30 days after surgery.

Statistical Analysis

Outcome measures of eligible studies were tabulated and then
analyzed cumulatively. A purely descriptive approach was
adopted.

Results

Article Selection and Study Demographics

A total of 255 articles were identified through literature search.
The trial flow diagram of the systematic review is depicted in
Figure 1. In total, 28 studies published between 1983 and 2016
from ten different countries met the inclusion criteria and
reported on 745 pediatric patients with cardiac tumors, of
which 371 underwent surgical treatment. Cumulative study
characteristics and patient demographics are summarized in
Table 1. All studies were retrospective in nature. Seven origi-
nated from Europe, ten from Asia/Oceania, and ten from North
America. Data from large registries and databases were
deemed ineligible due to overlapping but are summarized in
Supplemental Table 1.

Mean patient age at the time of surgery was 5.33 years
(range, <1-20 years) and 50% were male (110/220), while
24.7% of the patients were younger than one year (60/243).
Mean patient age at diagnosis was 2.66 years, while 17.4%
of the patients were diagnosed prenatally (35/201). Histolo-
gic distribution stratified by patient age can be reviewed in
Figure 2.

Major Comorbidities and Clinical Assessment

Approximately one of ten patients (20/167) had a documented
diagnosis of tuberous sclerosis, while one of five had a family
history notable for tuberous sclerosis (5/24). The most common
coexisting lesion documented was ventral septal defect (10.4%,
14/134), followed by ASD and PDA in 9.7% (23/247) and 8.5%
(12/141) of the cases, respectively. Dyspnea (14.2%, 40/282)
and cyanosis (6.9%, 20/290) were the most common presenting
clinical symptoms reported in reviewed studies. Of note, 7.2%
(19/262) of the patients presented without clinical symptoma-
tology. Physical and paraclinical examination revealed heart
murmur, congestive HF, and arrhythmias in 28.9% (85/294),
19.1% (54/282), and 14.9% (53/355) of patients, respectively.
The majority of the preinterventional diagnoses were made
with the use of U/S (77%, 238/309). Data regarding physical
examination findings and tumor diagnosis are summarized in
Table 2.

Tumor Characteristics

Tumor characteristics are summarized in Table 3. Mean tumor
size was 3.19 cm (range, 0.18-6 cm). Lesions most commonly
arose from the right ventricle (19%, 55/292), followed by the
left ventricle and left atrium (14.1%, 50/354 and 11.9%, 30/
252, respectively). Of the 344 tumors, 284 (82.6%) were
benign and 13 (3.8%) were malignant, and for 47 (13.6%)
cases, no information was available on the behavior of the
tumor. Rhabdomyoma was the most prevalent benign tumor
(114/284, 50.7%), followed by myxoma (61/284, 21.5%) and
fibroma (61/284, 21.5%). The vast majority of malignant
tumors were sarcomas 11 of 13 (84.6%), with only two cases
of extranodal non-Hodgkin lymphoma being documented.
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Hémangiome cardiaque (5%)

•Tumeur hamartomateuse
•Unique, épicardique, intramurale ou intracavitaire,   
avec nécrose et calcifications
•Régression spontanée possible

•Clinique: Mort subite due aux troubles du rythme 
(TV), hémopéricarde et tamponnade par rupture 
vasculaire
•Traitement : Exérèse chirurgicale



Hémangiome intracardiaque 



N= 98

Padalino et la. Circ 2012



Myxome



Myxome (2-4%)

•Très fréquent chez l’adulte (40%)
•Rare chez l’enfant (2-4%)
•Diagnostic anténatal exceptionnel

•Il existe des formes familiales
•Tumeur unique, lobulé, gélatineuse
•Localisation dans l’OG dans 75% des cas  
•Pédiculée sur le foramen ovale

•Anapath: pauvre en cellules, riche en collagène et 
fibrine



Myxome 



Myxome
•Symptômes

•Embolies artérielles multiples: cérébrales le plus 
souvent, périphériques (mb inf, coronaire, rien, 
rétine), pulmonaires
•Obstructions valvulaires ou des cavités droites
•Syndrome inflammatoire avec ou sans fièvre

•Syndrome de Carney: lésions hyperpigmentaires
de la peau, myxomes, tumeurs endocrines et 
schwannomes
•Traitement

•Exérèse chirurgicale complète
•Récidive possible (5%)



N= 98

Padalino et la. Circ 2012
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Introduction

Primary cardiac tumors are extremely rare in children, with an
incidence rate of 0.027% to 0.08% in pediatric autopsies. The
majority of these tumors are benign, with rhabdomyoma being
the most prevalent histologic type, followed by fibroma and
teratoma.1 Nevertheless, approximately 10% of pediatric car-
diac tumors are malignant, with sarcomas constituting the most
common primary cardiac malignancy in children. Patients pres-
ent with a variety of nonspecific symptoms, which make the
diagnosis challenging.2 When diagnosed with a malignant car-
diac tumor, the prognosis is often poor due to the presence of
metastasis. Interestingly, due to the enhancement and increased
use of noninvasive imaging modalities, an increase in the inci-
dence of pediatric cardiac tumors has been reported in the last
decades.3–5

The aim of this systematic review was to perform for the
first time an in-depth literature search and summarize all avail-
able evidence on the epidemiology, presentation, and surgical
management of pediatric cardiac tumors.

Methods

Search Strategy and Eligibility of the Studies

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta Analyses guidelines and in line with the protocol

agreed by all authors. Eligible articles were identified by
a thorough search of PubMed/MEDLINE and Cochrane bib-
liographical databases extending from August 1983 to April
2016 (last search: October 1, 2016). Two investigators (A.T.
and I.P.D.) working independently executed the literature
search using the following MeSH terms: (cardiac tumors
OR cardiac rhabdomyoma OR cardiac fibroma OR cardiac
myxoma OR cardiac teratoma OR cardiac sarcoma) AND
(pediatrics OR children OR infants OR newborns OR adoles-
cents). A manual search of additional articles was conducted
using references from relevant articles and review papers. Any
discrepancies were resolved by consensus agreement between
the two investigators.

In this systematic review, original articles written in English
reporting on more than one patient with cardiac tumor treated
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symptoms can be present; thus, a high level of clinical suspi-
cion should be maintained.17 In our study, only the minority of
patients were asymptomatic; the two more commonly reported
symptoms were dyspnea and chest pain. A heart murmur was
noted during physical examination in almost a third of the
patients, while arrhythmias were documented in 14.9 % of
cases. In literature, the highest incidence of cardiac arrhyth-
mias, especially ventricular tachycardia, is reported in patients
with fibromas, who are prone to sudden cardiac arrest.14 On the
other hand, patients with rhabdomyomas can exhibit preexcita-
tion rhythm disorders.14 Given the increased use of

Table 3. Tumor Size and Location.

Tumor size, cm, (n ¼ 91)
Mean 3.19
Range 0.18-6

Tumor location, % (n/total patients)
Pericardium 7.8 (23/292)
RA 15.4 (39/252)
RV 18.8 (55/292)
RVOT 5.4 (16/292)
IVS 3.1 (8/252)
LA 11.9 (30/252)
LV 14.1 (50/354)
LVOT 4.2 (12/281)
RV/LV 2.8 (8/281)
RA/LA 1.9 (5/263)
MV 5.1 (14/274)
TV 2.1 (6/274)

Histology, % (n/total tumors)
Benign, 82.5 (284/344))

Rhabdomyoma 33.1 (114/344)
Fibroma 17.7 (61/344)
Teratoma 8.4 (29/344)
Myxoma 17.7 (61/344)
Hemangioma 4.3 (15/344)
Lymphangioma 1.1 (4/344)

Malignant, 3.77 (13/344)
Non-Hodgkin 0.5 (2/344)
Sarcoma 3.1 (11/344)

Other,a 13.6 (47/344)
Tumor resection, % (n/total tumors)

En bloc resection 60.6 (191/315)
Partial resection 16.8 (53/315)

Abbreviations: IVS, interventricular septum; LA, left atrium; LV, left ventricle;
LVOT, left ventricular outflow tract; MV, mitral valve; RA, right atrium; RV,
right ventricle; RVOT, right ventricular outflow tract; TV, tricuspid valve.
aOther tumors include one cyst, one fibroelastoma, one leiomyoma, one
neurogenic tumor, one Castleman disease, one neuroblastoma, one fibrous
histiocytoma, ten inflammatory myofibroblastic tumors, one lipoma, one septal
cyst, and 28 other nondefined tumors.

Figure 3. Mortality rate for the (A) most common benign tumors and
for (B) benign and malignant tumors cumulatively.

Table 4. Postoperative Complications.

Complications, % (n/Total Patients)
Arrhythmias 8.4 (27/320)
HF 5.4 (16/293)
LCOS 3.6 (9/247)
Reoperation 3.5 (11/309)
Pericardial effusion 2.3 (6/258)
Mitral regurgitation 2.9 (9/309)
Infection 3.2 (8/247)
DVT 0.6 (2/320)
Bleeding 0.4 (1/247)
Atelectasis 0.4 (1/247)
Pleural effusion 2.3 (6/258)
Phrenic nerve injury 0.3 (1/309)
Othera 0.8 (2/242)

Abbreviations: DVT, deep vein thrombosis; HF, heart failure; LCOS, low
cardiac output syndrome.
aOther complications include one right hemiparesis and one
pseudoaneurysm.

Table 5. Tumor Recurrence, Follow-Up, and Freedom From
Reoperation for the Most Common Benign Tumors and Malignancies.

n

Tumor
Recurrence,

% (n)

Mean
Follow-Up,

years

Freedom
From

Reoperation, %

Benign 284 3.1 (9) – 100
Rhabdomyoma 114 2.6 (3) 5.9 –
Fibroma 61 1.6 (1) 6.2 –
Teratoma 29 3.4 (1) 8.5 –
Myxoma 61 4.9 (3) 7.97 –
Malignant 13 46.1 (6) 4.6 50

Tzani et al 629

Abbreviations and Acronyms

ASD atrial septal defect
CT computed tomography
ICU intensive care unit
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with surgery before adulthood (age <19 years) were included.
Studies referring solely to diagnostic means of cardiac tumors
in pediatric patients as well as those reporting on mixed pedia-
tric–adult population were excluded.

Study Selection

All studies from large registries or known databases were
deemed ineligible, due to overlapping with some of the
nonpopulation-based studies.

Data Extraction

Data regarding study design, country of origin, study time
frame, number of nonadult patients with cardiac tumors, and
number of those who underwent surgical excision were
extracted from each eligible study. Additionally, patient
demographics (gender, age, weight) and history of tuberous
sclerosis were noted. Tumor characteristics such as tumor
size and location, tumor behavior (benign or malignant),
histological subtype (such as rhabdomyoma, fibroma, sar-
coma), mode of preoperative imaging investigation (eg,
ultrasound [U/S], computed tomography [CT], angiogra-
phy), coexisting lesions (including but not limited to atrial
septal defect [ASD], patent ductus arteriosus [PDA]), and
clinical presentation (eg, dyspnea, chest pain, cyanosis)
were collected and tabulated. Operative characteristics such
as indication for surgery, mechanic ventilation (MV) time,
intensive care unit (ICU) stay, administration of adjuvant
chemotherapy, and postoperative complications (eg, bleed-
ing, infection, heart failure [HF] and pleural effusion) were
marked. Follow-up data on tumor recurrence, duration of
follow-up, mortality, tumor-specific survival, and
reoperation-free period were also extracted. Early mortality
was defined as the mortality rate in the first 30 days after
the operation, whereas long-term mortality referred to a
period over 30 days after surgery.

Statistical Analysis

Outcome measures of eligible studies were tabulated and then
analyzed cumulatively. A purely descriptive approach was
adopted.

Results

Article Selection and Study Demographics

A total of 255 articles were identified through literature search.
The trial flow diagram of the systematic review is depicted in
Figure 1. In total, 28 studies published between 1983 and 2016
from ten different countries met the inclusion criteria and
reported on 745 pediatric patients with cardiac tumors, of
which 371 underwent surgical treatment. Cumulative study
characteristics and patient demographics are summarized in
Table 1. All studies were retrospective in nature. Seven origi-
nated from Europe, ten from Asia/Oceania, and ten from North
America. Data from large registries and databases were
deemed ineligible due to overlapping but are summarized in
Supplemental Table 1.

Mean patient age at the time of surgery was 5.33 years
(range, <1-20 years) and 50% were male (110/220), while
24.7% of the patients were younger than one year (60/243).
Mean patient age at diagnosis was 2.66 years, while 17.4%
of the patients were diagnosed prenatally (35/201). Histolo-
gic distribution stratified by patient age can be reviewed in
Figure 2.

Major Comorbidities and Clinical Assessment

Approximately one of ten patients (20/167) had a documented
diagnosis of tuberous sclerosis, while one of five had a family
history notable for tuberous sclerosis (5/24). The most common
coexisting lesion documented was ventral septal defect (10.4%,
14/134), followed by ASD and PDA in 9.7% (23/247) and 8.5%
(12/141) of the cases, respectively. Dyspnea (14.2%, 40/282)
and cyanosis (6.9%, 20/290) were the most common presenting
clinical symptoms reported in reviewed studies. Of note, 7.2%
(19/262) of the patients presented without clinical symptoma-
tology. Physical and paraclinical examination revealed heart
murmur, congestive HF, and arrhythmias in 28.9% (85/294),
19.1% (54/282), and 14.9% (53/355) of patients, respectively.
The majority of the preinterventional diagnoses were made
with the use of U/S (77%, 238/309). Data regarding physical
examination findings and tumor diagnosis are summarized in
Table 2.

Tumor Characteristics

Tumor characteristics are summarized in Table 3. Mean tumor
size was 3.19 cm (range, 0.18-6 cm). Lesions most commonly
arose from the right ventricle (19%, 55/292), followed by the
left ventricle and left atrium (14.1%, 50/354 and 11.9%, 30/
252, respectively). Of the 344 tumors, 284 (82.6%) were
benign and 13 (3.8%) were malignant, and for 47 (13.6%)
cases, no information was available on the behavior of the
tumor. Rhabdomyoma was the most prevalent benign tumor
(114/284, 50.7%), followed by myxoma (61/284, 21.5%) and
fibroma (61/284, 21.5%). The vast majority of malignant
tumors were sarcomas 11 of 13 (84.6%), with only two cases
of extranodal non-Hodgkin lymphoma being documented.
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for (B) benign and malignant tumors cumulatively.

Table 4. Postoperative Complications.

Complications, % (n/Total Patients)
Arrhythmias 8.4 (27/320)
HF 5.4 (16/293)
LCOS 3.6 (9/247)
Reoperation 3.5 (11/309)
Pericardial effusion 2.3 (6/258)
Mitral regurgitation 2.9 (9/309)
Infection 3.2 (8/247)
DVT 0.6 (2/320)
Bleeding 0.4 (1/247)
Atelectasis 0.4 (1/247)
Pleural effusion 2.3 (6/258)
Phrenic nerve injury 0.3 (1/309)
Othera 0.8 (2/242)

Abbreviations: DVT, deep vein thrombosis; HF, heart failure; LCOS, low
cardiac output syndrome.
aOther complications include one right hemiparesis and one
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Reoperation for the Most Common Benign Tumors and Malignancies.
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Tumor
Recurrence,
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was 6.7%. Rhabdomyomas and teratomas had the highest 30-day mortality. The higher percentage of tumor relapse was noted for
myxoma and teratoma. Although cardiac tumors are rare, their atypical clinical presentation, potential for recurrence, and the
poor prognosis associated with recurrence elucidate the need for reliable diagnostic and therapeutic management.
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Introduction

Primary cardiac tumors are extremely rare in children, with an
incidence rate of 0.027% to 0.08% in pediatric autopsies. The
majority of these tumors are benign, with rhabdomyoma being
the most prevalent histologic type, followed by fibroma and
teratoma.1 Nevertheless, approximately 10% of pediatric car-
diac tumors are malignant, with sarcomas constituting the most
common primary cardiac malignancy in children. Patients pres-
ent with a variety of nonspecific symptoms, which make the
diagnosis challenging.2 When diagnosed with a malignant car-
diac tumor, the prognosis is often poor due to the presence of
metastasis. Interestingly, due to the enhancement and increased
use of noninvasive imaging modalities, an increase in the inci-
dence of pediatric cardiac tumors has been reported in the last
decades.3–5

The aim of this systematic review was to perform for the
first time an in-depth literature search and summarize all avail-
able evidence on the epidemiology, presentation, and surgical
management of pediatric cardiac tumors.

Methods

Search Strategy and Eligibility of the Studies

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta Analyses guidelines and in line with the protocol

agreed by all authors. Eligible articles were identified by
a thorough search of PubMed/MEDLINE and Cochrane bib-
liographical databases extending from August 1983 to April
2016 (last search: October 1, 2016). Two investigators (A.T.
and I.P.D.) working independently executed the literature
search using the following MeSH terms: (cardiac tumors
OR cardiac rhabdomyoma OR cardiac fibroma OR cardiac
myxoma OR cardiac teratoma OR cardiac sarcoma) AND
(pediatrics OR children OR infants OR newborns OR adoles-
cents). A manual search of additional articles was conducted
using references from relevant articles and review papers. Any
discrepancies were resolved by consensus agreement between
the two investigators.

In this systematic review, original articles written in English
reporting on more than one patient with cardiac tumor treated
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Abbreviations and Acronyms

ASD atrial septal defect
CT computed tomography
ICU intensive care unit
LCOS low cardiac output syndrome
MRI magnetic resonance imaging
MV mechanic ventilation
PDA patent ductus arteriosus
U/S ultrasound

with surgery before adulthood (age <19 years) were included.
Studies referring solely to diagnostic means of cardiac tumors
in pediatric patients as well as those reporting on mixed pedia-
tric–adult population were excluded.

Study Selection

All studies from large registries or known databases were
deemed ineligible, due to overlapping with some of the
nonpopulation-based studies.

Data Extraction

Data regarding study design, country of origin, study time
frame, number of nonadult patients with cardiac tumors, and
number of those who underwent surgical excision were
extracted from each eligible study. Additionally, patient
demographics (gender, age, weight) and history of tuberous
sclerosis were noted. Tumor characteristics such as tumor
size and location, tumor behavior (benign or malignant),
histological subtype (such as rhabdomyoma, fibroma, sar-
coma), mode of preoperative imaging investigation (eg,
ultrasound [U/S], computed tomography [CT], angiogra-
phy), coexisting lesions (including but not limited to atrial
septal defect [ASD], patent ductus arteriosus [PDA]), and
clinical presentation (eg, dyspnea, chest pain, cyanosis)
were collected and tabulated. Operative characteristics such
as indication for surgery, mechanic ventilation (MV) time,
intensive care unit (ICU) stay, administration of adjuvant
chemotherapy, and postoperative complications (eg, bleed-
ing, infection, heart failure [HF] and pleural effusion) were
marked. Follow-up data on tumor recurrence, duration of
follow-up, mortality, tumor-specific survival, and
reoperation-free period were also extracted. Early mortality
was defined as the mortality rate in the first 30 days after
the operation, whereas long-term mortality referred to a
period over 30 days after surgery.

Statistical Analysis

Outcome measures of eligible studies were tabulated and then
analyzed cumulatively. A purely descriptive approach was
adopted.

Results

Article Selection and Study Demographics

A total of 255 articles were identified through literature search.
The trial flow diagram of the systematic review is depicted in
Figure 1. In total, 28 studies published between 1983 and 2016
from ten different countries met the inclusion criteria and
reported on 745 pediatric patients with cardiac tumors, of
which 371 underwent surgical treatment. Cumulative study
characteristics and patient demographics are summarized in
Table 1. All studies were retrospective in nature. Seven origi-
nated from Europe, ten from Asia/Oceania, and ten from North
America. Data from large registries and databases were
deemed ineligible due to overlapping but are summarized in
Supplemental Table 1.

Mean patient age at the time of surgery was 5.33 years
(range, <1-20 years) and 50% were male (110/220), while
24.7% of the patients were younger than one year (60/243).
Mean patient age at diagnosis was 2.66 years, while 17.4%
of the patients were diagnosed prenatally (35/201). Histolo-
gic distribution stratified by patient age can be reviewed in
Figure 2.

Major Comorbidities and Clinical Assessment

Approximately one of ten patients (20/167) had a documented
diagnosis of tuberous sclerosis, while one of five had a family
history notable for tuberous sclerosis (5/24). The most common
coexisting lesion documented was ventral septal defect (10.4%,
14/134), followed by ASD and PDA in 9.7% (23/247) and 8.5%
(12/141) of the cases, respectively. Dyspnea (14.2%, 40/282)
and cyanosis (6.9%, 20/290) were the most common presenting
clinical symptoms reported in reviewed studies. Of note, 7.2%
(19/262) of the patients presented without clinical symptoma-
tology. Physical and paraclinical examination revealed heart
murmur, congestive HF, and arrhythmias in 28.9% (85/294),
19.1% (54/282), and 14.9% (53/355) of patients, respectively.
The majority of the preinterventional diagnoses were made
with the use of U/S (77%, 238/309). Data regarding physical
examination findings and tumor diagnosis are summarized in
Table 2.

Tumor Characteristics

Tumor characteristics are summarized in Table 3. Mean tumor
size was 3.19 cm (range, 0.18-6 cm). Lesions most commonly
arose from the right ventricle (19%, 55/292), followed by the
left ventricle and left atrium (14.1%, 50/354 and 11.9%, 30/
252, respectively). Of the 344 tumors, 284 (82.6%) were
benign and 13 (3.8%) were malignant, and for 47 (13.6%)
cases, no information was available on the behavior of the
tumor. Rhabdomyoma was the most prevalent benign tumor
(114/284, 50.7%), followed by myxoma (61/284, 21.5%) and
fibroma (61/284, 21.5%). The vast majority of malignant
tumors were sarcomas 11 of 13 (84.6%), with only two cases
of extranodal non-Hodgkin lymphoma being documented.
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Fibroélastomes papillaires



• Très rares chez l’enfant
• Développés au niveau de l’endocarde
• Le plus souvent: valve aortique ou mitrale
• Consistance gélatineuse (tissu conjonctif)

• Palpitations, douleurs thoraciques

• Traitement:
• Exérèse si taille > 10 mm dans le cœur gauche ou embolie
• Surveillance si petit ou localisation cœur droit

Fibroélastomes papillaires



Fibroelastome



Tumeur pédonculée de 8x8 mm, attachée au feuillet postérieur de la tricuspide

Fibroélastome tricuspide





Tumeurs malignes



Tumeurs malignes (10%)
•Primitives

•Rhabdomyosarcomes, fibrosarcome, 
angiosarcomes et lymphomes 
•Épanchement péricardique, embolie, troubles 
hémodynamiques
•Mauvais pronostic (métastases)

•Secondaires
•Lymphomes NH, leucémie aiguë, neuroblastomes, 
néphroblastome
•Epanchement péricardique, extension dans OD 
(Tumeurs de Wilms), arythmie



Sarcome



Lymphome



Quelques cas pratiques



Cas clinique 1

•Allya N…

•Suivie pour hémi-hypertrophie corporelle 
depuis l'âge de 6 mois

•Adressée pour myxome de l’OD par un 
cardiologue



Cas clinique  1



Cas clinique 1



Cas clinique  1

•Risque d’enclavement dans la tricuspide
•PEC: CEC en urgence

•Extension tumorale jusque dans l’OD d'un 
probable néphroblastome du rein droit avec 
métastases pulmonaires

•Chimiothérapie de réduction en urgence à J3 
de la CEC
•Néphrectomie à 6 semaines
•Chimiothérapie et radiothérapie pendant 1 an



Cas clinique  2

•Malo C…né à Dijon

•Rhabdomyome unique de DAN

•Rhabdomyomes multiples en postnatal: VG, 
mitral, SIV et VD avec obstruction VD-AP
•Rose avec le canal ouvert



Cas clinique  2



Cas clinique 2



Cas clinique  2

•PGE1
•Cyanose à l’arrêt des PGE1
•Blalock

•10 mois après:
•Rose
•Involution des tumeur
•Hyperdébit par Blalock



Cas clinique 2 - variante

PostnatalPrénatal 32 SA



Grossesse obtenue par FIV
STB négatif (exons TSC1 et TSC2) + caryotype normal
IRM cérébrale (21/11/17): normale

Cas clinique 3 



Postnatal:
• Echographies 
• Holter ECG (x2):normaux
• CoroTDM: non contributif
• EEG (11/01/18): normal; IRMc

(12/01/18): normale
• Dermato:  pas de tache 

cutanée dyschromique

Cas clinique 3 

ACR dans le siège-bébé, durant transport en voiture à 
6 semaines de vie



Cas clinique 3 



Cas clinique 3 



Synthèse
Tumeurs Localisation, aspect
Rhabdomyomes Myocarde ventriculaire, multiple
Tératome Péricarde+++, épanchement+++, 

logettes hétérogènes
Fibrome Myocarde du VG
Hémangiome Toutes les cavités
Myxome OG, SIA, irrégulier, pédiculé
Fibroélastome papillaire Valve aortique, valve mitrale
Lipome Toutes les cavités
Lymphangiome Toutes les cavités
Fibrosarcome, Rhabdomyosarcome,
Angiosarcome

Myocardique, invasif+++

Kyste hydatique VG, SIV
Thrombus KTC, toutes cavités



TABLE 1 CMR of Pediatric Cardiac Tumors

Tumor Type Location Appearance Imaging Characteristics T1-Weighted

Benign

Rhabdomyoma Intramyocardial
Intracavitary
Ventricle

Multiple þþ
Solitary

Homogeneous Isointense

Fibroma Intramyocardial ventricle: IVS þþ,
free walls

Solitary, well-defined borders
Thin rim myocardium

Heterogeneous
Calcification center:

pathognomonic

Heterogeneous
Areas mildly hypo/hyperintensity

Myxoma LA þþ (AS)
Any cardiac chamber

Pedunculated
Mobile
Irregular border

Heterogeneous Hypointense
Heterogeneous

Teratoma Intrapericardial
Attached to the root of great vessels
Compression SVC/RA

Cystic and solid areas
Multilobulated

Heterogeneous
Encapsulated

Hypointense

Hemangioma RA in neonate þþ
IVS
Any cardiac chamber

Endocardial
Intramural

Intermediate
Hypo to isointense

Fibroelastoma Endocardial
Valvular

Mobile
Pedunculated

Not visible because small Described as hypointense but not
well defined

Paraganglioma Intrapericardial
Near LA or root of great vessels

Immobile Iso to hyperintense

Lipoma Pericardial space
Any cardiac chamber

Solitary Homogeneous Hyperintense
Hypointense with fat-suppression

Malignant

Sarcoma LA þþ
Pericardial space
Any cardiac chamber

Solitary
Irregular borders
Infiltrative

Heterogeneous
Possible central necrosis

Isointense

Lymphoma Right heart þþ
Pericardial

Multiple or single
Large

Homogeneous Hypo to isointense

Purkinje cell tumor LV þþ
Conduction system

Small nodule on endocardium/
epicardium/valve

Hyperintense
Hypointense with fat suppression

Cardiac metastasis Right heart þþ
Atrial mass

Multiple
Large size
Irregular borders

Heterogeneous Hypointense

Others

Thrombus Right heart þþ Varies with age of thrombus:
subacute homogeneous,
chronic heterogeneous

Hypo to isointense

þþ ¼ most frequently described; AS ¼ atrial septum; ASD ¼ atrial septal defect; CHD ¼ congenital heart disease; FPP¼ first pass perfusion; HLHS ¼ hypoplastic left heart syndrome; IVS ¼ interventricular
septum; LA ¼ left atrium; LV ¼ left ventricle; MDE ¼ myocardial delayed enhancement; RA ¼ right atrium ; SVC ¼ superior vena cava; VSD ¼ ventricular septal defect.
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Synthèse : Imagerie typique

Fournier 2020 JACC CV Imaging



Pathologie du péricarde



Pathologie du péricarde

Péricardite: inflammation du péricarde

Epanchement péricardique: présence de 
liquide dans le péricarde, avec ou sans 
inflammation

Péricardite constrictive: épaississement des 
feuillets constituant le péricarde



Péricardite

Typiquement, la péricardite se manifeste par une douleur thoracique
d'apparition brutale ou subaiguë prolongée  
médiane, ou latéralisée à gauche 
augmentée à l'inspiration et majorée en décubitus dorsal
relativement calmée en position assise (Signe de la Mecque)

Les caractères les plus constants sont 
la durée prolongée
la majoration à la respiration

De façon inconstante, il peut exister 
une fièvre
un syndrome viral actuel ou récent (rhino, angine, douleurs 
musculaires...). 



Péricardite

Frottement péricardique
- en systole et diastole
- évoquant une "feuille de papier froissée" ou un 
"frottement de vieux cuir" 
- persiste en apnée

Signes de gravité 
- Baisse de la pression artérielle, voir collapsus 
- OMI
- Hépatalgie, hépatomégalie, TJ, RHJ



Péricardite: ECG



Péricardite: traitement

Péricardite virale – le plus souvent
Repos strict
Aspirine ou AINS avec +/-colchicine, 
corticoïdes en cas de récidive
traitement prolongé au minimum 1 mois

Péricardites purulentes - urgence médicale absolue
Drainage chirurgical avec mise en place d'un drain 
Antibiothérapie prolongée par voie générale

Péricardites tuberculeuses - rare en France
un traitement anti-tuberculeux pendant un an

+/-corticothérapie



Péricardite: évolution

-Guérison+++
-Récidive 
- Complications graves

Tamponnade
Péricardite constrictive

-Causes
Virus+++: Coxsackie A, Adénovirus, Echovirus
Mycobactérie et tuberculose
Champignons exceptionnelles
post-vaccinale



Péricardite post-vaccinale

Registre EPI-Phare: mai-aout 2021
• 917 cas de péricardites (âge médian de 34 ans, 38% de 

femmes) entre 12-50 ans

• Risque accru pour péricardite avec Moderna < 30 ans: 
• deuxième dose chez les hommes (OR 15,0 [3,3-68,4] et 18 cas 

en excès par un million de doses) 
• première dose chez les femmes (OR 27,9 [2,4-328,0] et 6 cas en 

excès par un million de doses). 
• Evolution favorable
• Hospitalisation courte de 2-4 jours



Tamponnade: Urgence absolue

- Compression des cavités cardiaques par l’épanchement dans le 
péricarde peu compliant (capacitant)
- Adiastolie= impossibilité pour le cœur de se remplir 

- Baisse de la pression artérielle pouvant aller jusqu'au collapsus   
voire à l'arrêt cardio-circulatoire:
- OMI
- Dyspnée en décubitus
- TJ en position assise 
- Hépatalgie douloureuse

- ETT: épanchement avec collapsus des cavités droites en premier, 
pression de remplissage élevée à droite



Conséquences hémodynamiques

Gêne au remplissage des cavités droites

Adiastolie
Défaillance circulatoire 

Oreillette droite Puis…. Ventricule droit



Epanchement circonférentiel:
grand axe

Epanchement circonférentiel:
grand axe



Epanchement circonférentiel:
petit axe



Maintenir la patient en position assise; remplissage++++

Traitement chirurgical : évacuation de l'épanchement 
par une incision sous la xiphoïde sternale et mise en 
place d'un drain 

Bilan étiologique sur liquide prélevé

En cas d'extrême urgence : ponction du péricarde à 
l'aide d'une longue aiguille, sous xiphoide à 45° en se 
dirigeant vers l’épaule gauche

Tamponnade: Urgence



Péricardite constrictive
Définition: épaississement des feuillets constituant le péricarde

Pathophysiologie: Gêne au remplissage avec insuffisance cardiaque 
droite

Cause la plus fréquente: tuberculose, radiothérapie, épanchement 
chronique post-opératoire résistant

Diagnostic:
Echocardiographie : épaississement du péricarde avec des 
anomalies du remplissage cardiaque au doppler

Scanner++++: épaississement du péricarde généralisé ou localisé

Traitement chirurgical: péricardectomie



Pathologie de l’endocarde



Endocardite infectieuse
Def: Infection/inflammation de l’endocarde = valves cardiaques

Dg: Echographie trans-thoracique voire ETO

- EI des VAV: sur le versant auriculaire

- EI des valves sigmoïdes: sur le versant ventriculaire

Bilan d’abord: Pas d’ATB à l’aveugle !!!

• Hémocultures: au moins 3 !!! (au mieux 6)

• Scanner total body (cérébral, thoracique et abdominal)
• Examen ophtalmologique, bandelette urinaire

• Recherche porte d’entrée: examen dentaire, ORL, cutané, 
digestif, urinaire, KTC…





Endocardite: germes

• Streptocoques  +++ 40%
• Staphylocoque 40%

• Autres germes: 10%
– Escherichia coli
– BGN
– HACEK

• Endocardite à hémocultures négatives: 10%





Endocardite: Traitement médical

Principes généraux du traitement
• Bithérapie antibiotique en utilisant des 

principes synergiques
• Bactéricide et bactériostatique
• Durée prolongée: 4-6 semaines
• Adapté à l’antibiogramme
• Adapté aux taux sériques



Endocardite: Traitement chirurgical

• Types de chirurgie:
– Éviter la prothèse mécanique
– Plastie valvulaire, Ross, homogreffe

• Indications du traitement chirurgical
– Complications hémodynamiques
– Sepsis non contrôle
– Embole gauche
– Végétation > 10 mm
– Abcès



Endocardite: prévention



Endocardite: prévention



- Bonne hygiène dentaire quotidienne
- Consultation dentaire tous les 6 mois

Indispensable pour diminuer le risque d’endocardite

Endocardite: prévention



34 279 enfants avec CC suivis de 0 à 18 ans

Incidence annualisée = 4.1 / 10 000 pt-année

Rushani et al. Circulation 2013

POPULATION CONGENITALE - ENFANTS



Kuijpers et al. Eur Heart Jour 
2017

POPULATION CONGENITALE - ADULTES
Registre CONCOR (14 224 patients>18 ans)

Incidence EI : 1.33/1000 pt-years

Prothèse valvulaire: HR=3.57(2.58–5.36)



INCIDENCES COMPARATIVES

Miranda et al. Eur Heart Jour 2016
Wang et al. JAMA 2007

Rushani et al. Circulation 2013
Habib et al. Eur Heart Jour 2015

Dayer et al. Lancet 2015Population générale : 30 -100/ million pt-année

Valves Ao/mitrale chir : 0.3 – 1.2% pt-
année

Patients avec CC: 0.4 – 1.33 / 1000 pt-année

TAVI: 0.67 – 2.1% pt-année

Valve Melody : 0.8 – 3% pt-année

Valves/conduits pulmonaire chir : 0.5 - 3% pt-année

Dispositifs electroniques implantables : 1.9/1000 device-année 



Lluri et al. CCI 2017

p=0.13

134 chir et 208 percut (33 Sapien) 

Incidence IE: 0.5 vs 1.5 %pt/années 

VALVES PERCUTANÉES VS CHIRURGICALES

195 chir et 93 percut (0 Sapien) 

Incidence IE: 1.2 vs 3.9 %pt/années 

Malekzadeh-Milani et al. JTCS 2014 Van Dijck et al. Heart 2014

631 chir et 107 percut (0 Sapien) 

Incidence IE: 0.8 vs 2.7 vs 3% %pt/années 



Sharma et al. JACC Int. 2017

Méta-analyse sur IE chez les patients avec RVP chirurgical ou 

percutané

7063 patients

Incidence cumulative globale = 2.5%

VJB vs autres substituts : 5.4% vs 1.2%; p < 0.0001 

SUBSTRAT VALVULAIRE



VALVE SAPIEN

Hascoet et al. JACC Int. 2017

Cases of IE within 1 year after PPVI were classified as
early IE and other cases as late IE (21).

OUTCOMES. Outcomes were assessed in June 2016.
Information was obtained from our local database

and from phone calls to the patients and to their
cardiologists and general practitioners. For cases of
IE, every effort was made to obtain information on
the Duke criteria, clinical and microbiological details,
medical and surgical strategies, and outcome.

STATISTICAL ANALYSIS. Statistical analyses were
performed using Stata 11.2 software (StataCorp, Col-
lege Station, Texas). Continuous data were described
as mean ! SD if normally distributed and as median
(interquartile range [IQR]) otherwise. Categorical
variables were described as number (%). Bivariate
analyses with calculation of standardized differences
were performed to compare variables between the
two valve types and between patients with versus
without IE during follow-up.

Kaplan-Meier curves of the cumulative IE inci-
dence were plotted using the date of PPVI as the entry
date and the time since PPVI as the time scale. The
right censor was the date of IE, valve replacement,
heart transplantation, death, or follow-up comple-
tion. Differences in incidence were evaluated using
the log-rank test. The Kaplan-Meier method was also
used to assess the cumulative incidences of pulmo-
nary valve replacement and of death, with the date of
PPVI as the entry date and the time since PPVI as the
time scale and with the right censor set as the date of
valve replacement, heart transplantation, death, or
end of follow-up. Differences in incidence were
determined using the log-rank test.

RESULTS

POPULATION. We included 79 patients, 48 men and
31 women, with a median age of 25.0 years (IQR: 18.1
to 35.0 years) (Table 1). Among them, 3 (3.8%) had a
history of IE before PPVI (Melody valve: n ¼ 2; and
Sapien valve: n ¼ 1). The most common diagnoses
were conotruncal defect (73.4%) and congenital aortic
valve disease with Ross surgery (16.5%). A right-
ventricle-to-pulmonary-artery tube had been inser-
ted in 36.7% and a homograft or bioprosthesis
implanted in 29.1% and 17.7% of patients, respec-
tively. PPVI was performed on the native patched
RVOT in 16.5% of patients.

Age was younger and body weight lower at PPVI in
the Melody group than in the Sapien group. The Sa-
pien group had a higher proportion of patients with
their native RVOT compared with the Melody group
(25.5% and 3.1%, respectively). Implantation dates
were December 2008 to July 2014 for Melody and
December 2011 to May 2016 for Sapien.

PROCEDURES. Most patients underwent 1-stage PPVI
(69 of 79; 87.4%) and pre-stenting of the landing zone

TABLE 1 Patient Demographics, Procedural Data, and Post-Procedural Outcomes

PPVI With
Melody Valve

(n ¼ 32)

PPVI With
Sapien Valve

(n ¼ 47)
Standardized
Difference

Age (yrs) 19.9 (15.8–28.9) 26.3 (18.9–39.9) 0.58*

Weight (kg) 56.5 ! 13.5 65.8 ! 17.6 0.59*

Male (%) 53.1 66.0 0.26

Genetic syndrome (%) 18.8 10.6 -0.23

History of severe infectious
disease (%)

9.4 8.5 -0.03

History of endocarditis (%) 6.3 2.1 -0.20

Pacemaker/defibrillator (%) 6.3 10.6 0.16

Congenital heart diseases (%)

Conotruncal malformation 81.3 68.1

Ross procedure 9.4 21.3

TGA 3.1 0.0

PA-IVS/PVS 3.1 4.3

DORV 3.1 6.4

RVOT (%)

Native RVOT 3.1 25.5

Bioprosthesis 9.4 23.4

Homograft 25.0 31.9

Conduits 62.5 19.2

RVOT lesion (%)

Stenosis 84.4 50.0

Regurgitation 0.0 35.7

Mixed 15.6 14.3

Pre-stenting (%) 90.6 93.6 0.11

1-stage PPVI (%) 87.5 87.2 0.01

No. of stents (%)

0 9.4 6.4

1 90.6 85.1

2 0.0 6.4

4 0.0 2.1

Type of stent (%)

EV3 Intrastent LD MAX 62.1 68.2

Andrastent XXL 3.5 6.8

Cheatham-Platinum stent 34.5 22.7

Sinus XL 0.0 2.3

Valve diameter (%)

18 mm 21.9

20 mm 53.1 4.2

22 mm 25.0

23 mm 2.1

26 mm 63.8

29 mm 25.5

Valve post-dilation (%) 46.9 8.5 -0.94*

Procedure duration (min) 83 (71–118) 95 (79–121) 0.21

Fluoroscopy time (min) 20.4 (17.4–28.8) 30 (22.7–40.9) 0.45

Dose–length product
(mGy$m2)

7,895 (3,573–13,535) 11,647 (7,353–26,749) 0.55

Severe procedural
complications (%)

0.0 4.3 -0.30

Continued on the next page
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Infective Endocarditis Risk After
Percutaneous Pulmonary Valve
Implantation With the Melody
and Sapien Valves
Sebastien Hascoet, MD,a Lucia Mauri, MD,a Caroline Claude, MD,a Emmanuelle Fournier, MD,a Julie Lourtet, MD,b

Jean-Yves Riou, MD,c Philippe Brenot, MD,c Jérôme Petit, MDa

ABSTRACT

OBJECTIVES This study compared the risk of infective endocarditis (IE) after percutaneous pulmonary valve

implantation (PPVI) with the Sapien and Melody valves.

BACKGROUND The incidence of IE after PPVI is estimated at 3% per year with the Melody valve. The Sapien valve is a

more recently marketed valve used for PPVI.

METHODS We retrospectively included consecutive patients who underwent PPVI at a single center between 2008 and
2016. IE was diagnosed using the modified DUKE criteria.

RESULTS PPVI was performed in 79 patients (Melody valve, 40.5%; Sapien valve, 59.5%). Median age was 24.9 years

(range 18.1 to 34.6). IE occurred in 8 patients (10.1%) at a median of 1.8 years (minimum: 1.0; maximum: 5.6) after

surgery. Causative organisms were methicillin-sensitive Staphylococcus aureus (n ¼ 3), Staphylococcus epidermidis (n ¼ 1),

Streptococcus mitis (n ¼ 1), Aerococcus viridans (n ¼ 1), Corynebacterium striatum (n ¼ 1), and Haemophilus influenzae

(n ¼ 1). All 8 cases occurred after Melody PPVI (25.0% vs. 0.0%). The incidence of IE was 5.7% (95% confidence interval:

2.9% to 11.4%) per person-year after Melody PPVI. The Kaplan-Meier cumulative incidence of IE with Melody PPVI was

24.0% (95% confidence interval: 12.2% to 43.9%) after 4 years and 30.1% (95% confidence interval: 15.8% to 52.5%)
after 6 years, compared with 0.0% with the Sapien PPVI after 4 years (p < 0.04 by log-rank test). There was a trend

toward a higher incidence of IE in the first 20 patients with Melody PPVI (who received prophylactic antibiotics during the

procedure only) and in patients who had percutaneous interventions, dental care, or noncardiac surgery after PPVI.

CONCLUSIONS IE after PPVI may be less common with the Sapien compared with the Melody valve.

(J Am Coll Cardiol Intv 2017;10:510–7) © 2017 by the American College of Cardiology Foundation.

P ercutaneous pulmonary valve implantation
(PPVI) has emerged as an alternative to sur-
gery for reconstructing the right ventricular

outflow tract (RVOT). PPVI was first described in
2000 (1) and since then many studies have supported
its efficacy (2–13) The Melody valve (Medtronic Inc.,
Minneapolis, Minnesota) was the first valve inserted
percutaneously in humans and received European

certification in 2006 and Food and Drug Administra-
tion approval in 2010 for PPVI. The Sapien valve
(Edwards SAPIEN pulmonic transcatheter heart valve,
Edwards Lifesciences, Irvine, California) was used
initially for transcatheter aortic valve replacement
and subsequently licensed for PPVI (Europe, 2010;
and Food and Drug Administration, 2016). However,
although hemodynamic outcomes and device
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(73 of 79; 92.4%). A single stent was sufficient in all
Melody group patients, whereas in the Sapien group 4
patients required 2 to 4 stents. Pre-stenting was not
performed in 6 patients with valve-in-valve implan-
tation. Balloon post-dilation was performed in 19 of
79 patients (24.1%) and was more common in the
Melody group (46.9% vs. 6.5%, respectively). Pro-
cedure duration, fluoroscopy time, and irradiation
were higher in the Sapien valve group.

Severe procedural complications occurred in 2 pa-
tients (2.5%). One patient died of massive hemo-
thorax due to perforation of a distal pulmonary
branch during Sapien valve PPVI over a Lunderquist
guidewire. In the other patient, who had a mechanical
aortic valve, a large femoral hematoma developed

FIGURE 1 Kaplan-Meier Cumulative Incidences of Death and Pulmonary Valve Replacement and Kaplan-Meier Cumulative Incidences of Infective Endocarditis

Kaplan-Meier cumulative incidences of death and pulmonary valve replacement among patients with versus without infective endocarditis during follow-up (A) and
among patients without infective endocarditis (IE) during follow-up (B). Kaplan-Meier cumulative incidence of IE in patients with the Melody and Sapien valves
(C). Kaplan-Meier cumulative incidence of IE in patients with the Melody valve stratified per period of implantation (D) (period 1, before April 2010; period 2, after
April 2010). PPVI ¼ percutaneous pulmonary valve implantation; pulm. ¼ pulmonary.

TABLE 1 Continued

PPVI With
Melody Valve

(n ¼ 32)

PPVI With
Sapien Valve

(n ¼ 47)
Standardized
Difference

Infective endocarditis during
follow-up (%)

25.0 0.0 -0.80*

Pulmonary valve replacement
during follow-up (%)

25.0 4.3 -0.59*

Percutaneous 3.1 2.1 -0.06

Surgical 21.9 2.1 -0.63*

Death during follow-up (%) 3.1 2.1 -0.06

Values are median [interquartile range] or %. Standardized difference computed as the difference in means or
proportions divided by the SE. *Significant imbalance.

DORV ¼ double-outlet right ventricle; PA-IVS ¼ pulmonary atresia with intact ventricular septum; PPVI ¼
percutaneous pulmonary valve implantation; PVS ¼ pulmonary valve stenosis; RVOT ¼ right ventricle outflow
tract; TGA ¼ transposition of the great arteries.
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Edwards SAPIEN XT Transcatheter Heart Valve with the NovaFlex1Deliv- ery
System. Vol. 2016.  https://www.accessdata.fda. 
gov/cdrh_docs/pdf13/p130009s037d.pdf. 

VALVE SAPIEN



PRE-IMPLANTATION

Patient et famille

Depistage foyer infectieux

Bilan dentaire et ORL

PROCEDURE

Salle hybride

Optimisation gradient 
résiduel

Antibioprophylaxie per +/-
post procédure

POST-IMPLANTATION

Education patient, parents, médecin traitant, dentiste 

Anti-aggrégants au long cours

Antibioprophylaxie à vie

PREVENTION - EDUCATION 



FACTEURS AGGRAVANTS

Portes d’entrée évitables

Manque observance

Déficiences mentales

Education - Prophylaxie EI

Bauer et al. Int Jour Cardio 2017 
Buber et al. Circ Intrv 2013



Léo – VDDI réparé à 1.5 ventricules

10/10: Consultation aux urgences NEM: syndrome 
fébrile ressemblant à un syndrome grippal. 

« DS: Je l’ai surtout vu pour m’assurer qu’il n’y avait 
pas de végétations quelque part dans ce cœur : il n’y 
en a pas. Il a simplement un syndrome grippal. «

24 après: choc septique à staphylocoque doré

Porte d’entrée?



Léo

• 08.12.
• KONNO BENTALL.
• REMPLACEMENT DU TUBE VD/AP.
• DÉBRIDEMENT DES ABCÈS CARDIAQUES.

• Durée de CEC : 335 mn (quasi 6 h!!!!)
• Durée de clampage aortique : 146 mn + 23 mn



J10 post op



J10 post op



J10 post op



Léo

• réapparition des végétations pulmonaires à J10 
• collection autour du tube de Ven Pro.

• Le scanner réalisé le 20.12. montre des collections 
rétro-sternales probablement abcédées.   

• Inscription sur liste le 23.12
• Transplantation cardiaque le 30.12.



À vous de jouer !
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Cas cliniques postnataux
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